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MITTEILUNG DES VERLEGERS 


Redaktionskomitee und Verleger von Clinica Chimica Acta haben stets darnach 
gestrebt der Zeitschrift einen internationalen Charakter zu verleihen. Dieses Streben 
dussert sich bereits in der Zusammenstellung des Redaktionskomitees sowie in dem 
verschiedenen Ursprung der ver6éffentlichten Beitrage. 

Um diesen internationalen Charakter zu verstaérken werden engere Bande mit den 
nationalen Vereinen oder Gesellschaften der klinischen Biochemiker in den verschiede- 
Landern gelegt. 

Kirzlich konnten wir bereits mitteilen dass ab Januar 1960 Clinica Chimica Acta 
unter Auspizien der britischen, der niederlandischen und der schweizerischen Gesell- 
schaften erscheinen wird. 

Heute haben wir das Vergniigen mitzuteilen, dass Clinica Chimica Acta ebenso ab 
Januar 1960 unter dem Patronat der 
Sektion fiir klinische Chemie 1n der Deutschen Gesellschaft fiir physiologische Chemie 

(Deutschland) 


erscheinen wird. Wir haben die grosse Ehre Herrn Prof. HJ. STAUDINGERals Vertreter des 
deutschen Vereins in dem Redaktionskomitee von Clinica Chimica Acta zu begriissen. 


PUBLISHERS’ NOTE 


We have already announced that, as from January 1960, Clinica Chimica Acta 
will appear under the sponsorship of the British, the Netherlands and the Swiss 
organizations. : 

We are now pleased to announce that, as from January 1960, Clinica Chimica 
Acta will also appear under the sponsorship of the 
Sektion fiir klinische Chemie in der Deutschen Gesellschaft fiir physiologische Chemie 

(Deutschland) 


We have pleasure in welcoming Prof. HJ. STAUDINGER on the Editorial Board as 
representative of the German Association. 


NOTE DES EDITEURS 


Le Comité de Rédaction et les éditeurs de Clinica Chimica Acta se sont proposés 
dés le début de donner a la revue un caractére international. Cette tendance se réfléte 
dans la composition du Comité de Rédaction et la provenance trés diverse des contri- 
butions acceptées. 

Pour accentuer le caractére international dela revue nous tendons a établir des liens 
étroits avec les associations nationales de biochimistes cliniques dans les divers pays. 

Récemment nous avons déja pu annoncer que la revue C.C.A. paraitra, a partir de 
janvier 1960, sous les auspices des associations britannique, néerlandaise et suisse. 

Aujourd’hui, nous avons le plaisir d’annoncer qu’a partir de janvier 1960, la 
revue paraitra également sous les auspices du 
Sektion fiir klinische Chemie in der Deutschen Gesellschaft fiir physiologische Chemie 

(Deutschland) 


Nous avons le grand honneur d’acceuillir le Professeur HJ. STAUDINGER comme 
représentant de l'association allemande au sein du Comité de Rédaction. 
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GEL STRUCTURE AND THE DIFFUSION OF PROTEINS* 


CH. WUNDERLY 


Medical Department, University Clinic, Zurich (Switzerland) 


Gel reactions and gel diffusion techniques have been widely applied. Their relic- 
bility has been improved and they have become useful analytical tools for many 
scientific disciplines! *. Generally, the reactants are measured either qualitatively cr 
in more recent publications*~’, semiquantitatively, but the gel is taken as a constant, 
much as a filter paper or a funnel. With few exceptions® no attempt has been made 
to characterize the colloid properties of the gels and their variation. For this reason 
the present paper deals principally with the gel and tries to correlate our findings 
with the diffusion rate of several pure preparations of human serum proteins. The 
consequences for conduction and electrophoresis will be discussed in another paper. 


METHODS 
1. Tarr/Baker Test 


This test was developed in 1926 for testing the “jelly strength’. A cylindrical 
glass stamp of 20 mm diameter is slowly pressed into the gel; when the ultimate 
strength of the gel is passed, the surface cracks and the stamp breaks through. The 
critical pressure is given by the length in cm of a carbon tetrachloride column; this 
length multiplicated by 1.6 gives the length of a corresponding water column in cm 
(see Table I). Gels are tested 7 h after they have set. Gel strength measurements have 
been done by LocKwoop”, GoRING#!, OLIVER et al.1*, NEUKOM" and WADE, 


2. Sdverborn Test 


This test serves to measure the rigidity of the gel!» 15. The gel is formed around 
a metallic cylinder, on which a force is exerted to turn the cylinder in the gel. The 
counteraction of the gel gives a measure of the torsional strength; it is measured 
optically and expressed in dyne/cm? (modulus of rigidity). Gels are measured 7 h after 
they have set. Measurements have been done by OWENS AND MacLay?*, NEUKOM?? 
and by DEUEL, SOLMS AND ALTERMATT*. 


3. Viscosity 


This was measured in the capillary viscometer of Wilhelm Ostwald; the mixed 
gels in Agar** were used at 70° and the lipophilic solutions in -tributylphosphate at 
50°. The correlation of viscosity with concentration is stated as the viscosity index 
Nsp/c and the intrinsic viscosity [7] is calculated by extrapolation which gives the 
viscosity index at infinite dilution. 





* Paper presented at the 7th Colloquium on ‘‘Protides of the Biological Fluids’, Bruges, May 


1959. 
** Bacto-Difco Agar, Difco Laboratories, Detroit, USA. 
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4. Turbidity 

This was measured in the Zeiss Stufenphotometer with a special attachment for 
the measurement of stray light at an angle of 60°; the latter was measured at 50° and 
70° resp. (Sol) and at 20° after the setting of the gel. The turbidities are given as a 
percentage of turbidity No. 4; they are thus relative. 


5. Diffusion 

With 12 ml of 1.5% agar in veronal—acetate buffer of pH 8.6 and t/2 = 0.1, a gel 
was formed’ on the glass plates (4 x 16 cm) which are used with the Elphor appara- 
tus for paper electrophoresis. Intermediate gels of 1.8 mm thickness were laid on this 
gel; these intermediate gels were formed by mixing 0.8% agar in the above buffer 
with substances capable of influencing gel diffusion®*. In order to evaluate the corre- 
lation of molecular weight, particle size and diffusion velocity, three solutions of pure 
protein preparations were used : serum albumin* (human, mol. wt. 69,000), y-globulin * 
(human, mol. wt. 152,000) and «,-macroglobulin** (mol. wt. 846,000, compare 
WUNDERLY*”!). Solutions containing 2% of these proteins were taken in an Agla- 
Pipette; 6-7 drops each containing 200 wg were placed at regular intervals on the 
surface of the intermediate gel. After 48 h in a wet chamber at 20° these gels were 
stripped off, the underlying were left in 2% acetic acid for 3 h and then dried under 
infrared light and stained with Amidoblack. In order to compensate for gel hetero- 
geneities, two gel systems were always run in parallel; these allowed for 12-14 stains 
which were then measured in the Zeiss Extinktionsschreiber II. The smallest and the 
biggest values were omitted; the remaining vaiues should not differ by more than 5%. 
The mean values were calculated as a percentage of those diffusing through pure agar- 


gels; thus comparative values of diffusion were obtained. All mixed sols were strongly 
shaken mechanically for 10 min at 65°. 


RESULTS 


In Expts. 2 and 3 (Table I) ethyleneglycol was added in varying amounts to the 
agar. This small molecule (mol. wt. 62.07) is known to have excellent hydrophilic 
properties. In Expt. 4 and 5 carboxymethylcellulose of different molecular weight 
was added to the agar. These CMC*** are negative colloid electrolytes with molecular 
weights of 50,000 for KN 25, and 110,000 for KN 2000; they form sols of a micellar 
structure whereas agar forms gels of reticular structure. 

In order to study the influence of lipophilic constituents of the intermediate gel, 
homogenized emulsions were used. The continuous phase was again an agar-sol of 
0.666 g&% in buffer solution; immiscible droplets of n-tributylphosphate formed the 
lipophilic component. The droplet size was kept small by placing the emulsion for 
5 min at 70° in a blender rotating at 10,000 rev./min (see Fig. 2). The diameters of the 
dispersed phase averaged approximately 0.004—0.009 mm (compare JIRGENSONS”?) as 
shown by measurements under the microscope. These micro-droplets are stabilized by 
the setting of the agar network. To obtain homogeneous gel-emulsions it is advisable 
to hasten the setting by placing them in a refrigerator at 2° for 30 min. If the dispersed 





* Central Laboratory of the Swiss Red Cross at Berne. 
** Behringwerke ,Marburg/Lahn, Germany. 
*** Kalle & Co. A.G., Wiesbaden-Biebrich. 
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TABLE I 
MIXED GELS OF AGAR WITH ETHYLENEGLYCOL AND OF AGAR WITH CARBOXYMETHYLCELLULOSE 
(CMC) 
Gel strength Rigidity Viscosity Turbidity a 
Composition of intermediate gel 
in veronal—acetate-buffer, £% Tarr|/Baker Sdverborn Specific Sol Gel 
test test 
No. cm H,O i 
Silas Dyne/cm? Nsp Rell% Rel% 
I 0.666% Agar 136 6.4 + 108 0.61 21 225 
2 0.666% Agar-+ 16.66% ethyleneglycol 160 7.1 + 108 1.01 17 178 
3 0.666% Agar+25% ethvleneglycol 150 7.0+ 108 1.36 15 163 
4 0.666% Agar+1.66% carboxy- 
methylcellulose KN 25 137 7.9* 103 3-42 21 333 
5 0.666% Agar+ 1.66% carboxy- 
methylcellulose KN 2000 104 5.4 ° 108 2.87 18 268 
Diffusion through intermediate gels 
Protxtn No. of intermediate gel (see above) 
I 2 4 5 
% Change in diffusion compared with 1 
Serum albumin (human) 39 + 14% only trace no change 
y-Globulin (human) 31 + 23% just visible + 9% 
&-Macroglobulin 20 + 34% — + 20% 








phase amounts to even 0.04% of the total volume of the gel, changes in the mechan- 
ical properties are measurable; however most experiments were done with a dis- 
persed phase of 8.0 vol%. The total volume of intermediate gel-emulsion was kept at 
12 ml with a thickness of 1.8 mm. As n-tributyl-phosphate is an excellent solvent for 


Average surface: 
1.54 cm? 
a 
a es PP ne ie a. a 0.45 cm? 
b 


fg Cie Ae ace 


Fig. 1. Controls of protein diffusion with the Zeiss Extinktionsschreiber II. a. Stains of droplets 

with 200 wg of y-globulin placed directly on the basic gel (without diffusion). b. y-globulin stains 

which have diffused through an intermediate gel containing 0.633 g% agar, with a thickness of 

1.8 mm. c. y-globulin stains which have diffused through an intermediate gel containing 0.633 g% 
agar and 16.66 vol&% of ethyleneglycol. 











lipids, cholesterol, tristearin and cetyl alcohol were added. Table II shows the devel- 
opment of reduced specific viscosity in the concentration range I-7.5 g%, and, 


derived therefrom, the intrinsic viscosity. 
In Fig. 2, microphotographs are given of micro-emulsions of -tributylphosphate 
in agar-gel (Fig. 2, a) and of a gel (Fig. 2, b) in which the emulsoid was supersaturated 


with tristearin. 
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In Fig. 2, a, the droplets of -tributylphosphate are small because there is only 
0.5 vol% in the gel. In Fig. 2, b, there is 8.0 vol% in the gel; small crystalls of tristearin 
are visible in the droplets (see Table III, under tristearin). 


TABLE II 





Solutions in 
n-tributyl- Cholesterol Tristearin Cetyl alcohol 


phosphate 





% Nsp Nsp/C Ke Nsp Nsple Ke Hsp = Nsp/C Ke 





1.0 0.091 0.091 0.094 0.090 0.090 0.077 0.039 0.039 0.032 
2.5 0.176 0.070 0.073 O.13I 0.052 0.045 0.075 0.030 0.024 
5.0 0.204 0.041 0.043 0.190 0.038 0.033 0.091 0.018 0.015 
7.5 0.320 0.043 0.045 0.31I 0.041 0.035 0.200 0.027 0.022 


Intrinsic 


viscosity (7) 0.113 0.107 0.044 





Fig. 2. Microphotographs of agar-gels containing micro-emulsions of lipophilic substances. (a) - 
tributylphosphate as emulsoid (4 x). (b) »-tributylphosphate supersaturated with tristearin as 
emulsoid (250 x). 


TABLE III 
GELS OF AGAR CONTAINING MICRO-EMULSIONS OF LIPIDS 





Cholesterol Tristearin Cetyl alcohol 





Mol. wt. 386.64 891.45 242.44 
Density @ 1.046 0.862 0.817 
0.633 g% Agar-gels containing 8 vol.% 
of n-tributylphosphate and: 0.6% 0.6% 0.6% 
Gel strength, cm H,O column 146 163 140 
Rigidity, dyne/cm? 12.0 12.1 10.6 


Changes in diffusion compared with an intermediate 
agar-gel 





Diffusion of proteins 





Serum albumin — 38% No diffusion — 34% 
y-Globulin + 40% — 10% + 40% 
a&-Macroglobulin No change No diffusion — 20% 
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If a 0.666 g% agar-gel is compared with one also containing an emulsion of 
8 vol.% n-tributylphosphate, the gel strength is reduced from a 136 to a 109 cm water 
column, the rigidity increases from 6.4 to 11.1 dyne/cm?, the specific viscosity, 7/sp, 
increases from 0.61 to 1.06, and the turbidity of the sol increases from 21 to 1100% 
and of the gel from 225 to 1150°%. The mechanical properties are even more changed 
if the n-tributylphosphate contains 7.5 g% of cholesterol, tristearin or cetyl alcohol 
(Table ITT). 


DISCUSSION 


It has been shown by PoLson ** that the diffusion velocities of ovalbumin, tetanus 
antitoxin and even haemocyanin (mol. wt. 6,600,000) are scarcely affected in a 0.5 g% 
agar-gel and only slightly retarded in a 1.0 g% agar-gel. We chose, therefore 0.666 g% 
as the standard concentration of the intermediate agar-gel. The gel strength and 
rigidity were just sufficient for handling such a gel experimentally. 

The addition of ethyleneglycol as intermicellar substance had little effect on the 
mechanical properties of the mixed gel, but the diffusion of the three proteins was 
markedly increased in the order: serumalbumin < y-globulin < «,-macroglobulin. 
Ethyleneglycol does not seem to have a marked bearing on the pore size of the retic- 
ular gel frame, but it may reduce the viscous drag of the protein molecules, as it is 
very hydrophilic. 

A very different effect was obtained by adding carboxymethylcellulose (approx. 
mol. wt. 50,000) to the agar. The resulting gel was more rigid and protein diffusion 
was nil; the micellar strands of cellulose fill the interstices of the agar network and 
thus bar the way for the passage of the proteins. 

If the agar-gel contained micro-emulsions of immiscible -tributylphosphate, 
which is the solute for cholesterol, tristearin and cetyl alcohol, all the mechanical 
properties of the gel were strongly increased; the diffusion of albumin was decreased, 
whereas globulins diffused more freely. Only tristearin, being supersaturated at 20°, 
prevented protein diffusion almost completely. It seems probable that with lipids as 
intermicellar substances not only the pore size but also the chemical properties inter- 
fere with diffusion. Further studies will show whether selective effects can be attained. 


SUMMARY 


The gel properties of agar-gels mixed with ethyleneglycol and with carboxy- 
methylcellulose have been studied as well as mixtures of agar-gels with micro-emul- 
sions of n-tributylphosphate containing cholesterol, tristearin and cetyl alcohol. 
Diffusion was tested with serum albumin, y-globulin and «,-macroglobulin. Gel 
:trength, rigidity, viscosity and turbidity were measured. 
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UNTERSUCHUNGEN UBER 
EINE QUANTITATIVE EIWEISSBESTIMMUNG* 


P. GERHARDT SCHEURLEN 
Medizinische Universitatsklinik**, Tiibingen (Deutschland) 


Es ist bekannt, dass die colorimetrische pH-Bestimmung mit Indikatorfarbstoffen 
falsche Resultate liefert, wenn die zu untersuchende Probe Eiweiss enthalt. Dieser so- 
genannte “‘Proteinfehler’ hangt, wie schon von SORENSEN! untersucht wurde, haupt- 
sachlich von der Art des angewandten Indikatorfarbstoffes ab. Bromphenolblau 
(BPB), das im pH-Bereich von 3.0—4.6 von gelb zu blau-purpur umschlagt, zeigt bei 
Anwesenheit von Eiweiss ein falschlich zu hohes pH an. 

Von der Beobachtung dieses Proteinfehlers ausgehend wurde in den letzten Jah- 
ren ein BPB enthaltendes Reagenzpapier (Albustix***) entwickelt, das zur raschen, 
semiquantitativen Urineiweissbestimmung empfohlen wird?. Wir priften dies nach 
und fanden eine gute Ubereinstimmung mit den nach der Biuretmethode? ermittelten 
Proteinkonzentrationen. Es fiel uns jedoch auf, dass Unterschiede auftreten, wenn 
Loésungen verschiedenartiger Proteine untersucht werden, was darauf hindeutet, dass 
der Proteinfehler wesentlich auch von der Art des betreffenden Proteins abhangt. Wir 
fanden ausserdem, dass sich die Empfindlichkeit und vor allem die Genauigkeit dieser 
Eiweissbestimmung steigern lasst, wenn BPB als Lésung angewandt und der durch 
den Proteinfehler bedingte Farbumschlag photoelektrisch gemessen wird. Auf diese 
Weise k6nnen 5-10 mal geringere Proteinmengen erfasst werden als mit der Biuret- 
methode oder mit Albustix. Das Lambert-Beer’sche Gesetz hat dabei in einem Be- 
reich entsprechend 30—400 ug/ml Protein Giiltigkeit. 

Fiir unsere Untersuchungen verwandten wir Tetrabromphenolsulfophtalein 
(Merck, Nr. 8122). Bei den ersten Versuchen ‘4 benutzten wir eine 5 mg% BPB-Puffer- 
lésung (0.1 mol Citrat—Salzsaurepuffer nach SORENSEN), die auf pH 3.0 eingestellt war. 
Nach Proteinzusatz entwickelt sich hier ein griin-griinblauer Farbton, der im roten 
Spektralgebiet bei einer Wellenlange von 620 mu gemessen werden kann. Unsere Mes- 
sungen wurden mit dem Elektrophotometer Elko III (C. Zeiss, Oberkochen, Wiirttbg.) 
mit dem Interferenzmonochromatfilter I 61.8 vorgenommen. Das Gemisch wird aus 
I Teil der eiweisshaltigen Losung und 4 Teilen BPB-Pufferlodsung hergestellt. Ansatz 
des Blindwerts aus 1 Teil 0.9% NaCl-Lésung mit 4 Teilen der BPB-Pufferlésung. Die 
photometrische Messung erfolgt nach 15-30 Min. Ohne grossen Fehler kann auch erst 
nach 60-90 Min abgelesen werden. Nach 2-3 Stunden Stehen bildet sich bei héheren 
Proteinkonzentrationen ein meist reversibler Niederschlag. Die BPB-Pufferldsung ist 
jeweils aus einer 100 mg% Stammlosung frisch zu bereiten; die Stammldésung ist, 





* Vortrag am 7. Colloquium iiber ‘‘Protides of the Biological Fluids’, Briigge, Mai 1959. 
** Direktor; Prof. Dr. H. BENNHOLD. 
*** Albustix, Reagent Strips, Ames Comp. Inc., Elkhart, Ind. USA. 
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nach Zusatz eines Konservierungsmittels, mehrere Wochen im Kihlschrank haltbar. 
Auf eine méglichst genaue pH-Einstellung mit der Glaselektrode ist zu achten. 

In weiteren Untersuchungen stellten wir fest, dass die Empfindlichkeit dieser 
Eiweissbestimmung noch etwas gesteigert werden kann, wenn, unter sonst gleichen 
Versuchsbedingungen, die BPB-Konzentration auf 5.5 mg% und das pH auf 3.5 er- 
hoht werden. Die mit einer Serumproteinverdiinnung von 85 ug/ml bei verschiedenem 
pH und BPB-Konzentrationen von 5.0 bzw. 5.5 mg% erhaltenen Extinktionen sind 
in Fig. 1 dargestellt. 

Das Absorptionsspektrum der proteinfreren BPB-Pufferlosung (pH 3.5; BPB- 


85¢hg Serum 
5.5mg % BPB-Pufferlosung 
= 22g BPB 

d=2cm 


PH 30 


854g Serum 
d=2cm 











| 33 U6 35 36 37 38 yy 40 45 50 55 60 65 mg% 
160 180 200 220 240 260mg SPB 


in 5ml 





Fig. 1. Einfluss des pH, bzw. der BPB-Konzentration auf die Extinktion einer Humanserum- 
proteinlésung (85 wg). Ordinate: Extinktion E. Abscisse: pH, bzw. BPB-Konzentration. Filter 
I 61.8. Elektrophotometer Elko III (C. Zeiss, Oberkochen/Wiirttbg.) Schichtdicke d = 2 cm. 


Konzentration 5.5 mg%) weist 2 Maxima bei einer Wellenlange von 450 und 600 mu 
auf. Die sich nach Proteinzusatz entwickelnde Farbtoénung zeigt ein Maximum 
zwischen 615 und 625 my (Fig. 2); Unterschiede hinsichtlich des Absorptionsmaxi- 
mums fanden sich bei BPB-Konzentrationen von 5.0—-5.5mg% und zwischen 
pH 3.0-3.5 nicht. Die Durchlasskurve des von uns benutzten Interferenzfilters hat 
ihr Maximum bei 618 mu. Die Halbwertsbreite dieses Filters ist, bei hohem Durch- 
lassgrad, relativ schmal (nach Angaben des Herstellers Buw = 5—I0 my), sodass es 
sich sehr gut fiir unsere Messungen eignet. Wie Fig. 2 ausserdem zeigt, liegen die 
Absorptionsmaxima verschiedener Eiweisskonzentrationen im gleichen Bereich. Bei 
geringeren Konzentrationen (Humanserumalbumin ca. 30 wg) wird die Absorptions- 
kurve flacher, und ihr Maximum verschiebt sich zu niedrigeren Wellenlangen. 

In Fig. 3 sind Eichkurven einiger reiner Proteinfraktionen dargestellt. Die 
starkste Farbentwicklung beobachteten wir bei Rinder- und Humanserumalbumin. 
Es ist besonders darauf hinzuweisen, dass sich das pH der Farblésung durch den 
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Eiweisszusatz im angegebenen Konzentrationsbereich nicht messbar andert. Durch 
Zusatz von 0.2-1.0 ml 0.1 N NaOH zur eiweissfreien BPB-Pufferlosung andert sich 
das pH von 3.5 zu 4.2. In Fig. 3 sind die dieser pH-Anderung entsprechenden Extink- 
tionen gekennzeichnet. 1 ml 0.1 N NaOH, d.h. 4 mg NaOH bedingen also bei den an- 
gegebenen Versuchsbedingungen eine Extinktion von ca. 0.46, d. h. eine Extinktion, 
die andererseits durch ca. 300 wg Rinderserumalbumin verursacht sein kann. Mit 
anderen Worten: bereits 300 wg Albumin fiihren zu einer scheinbaren pH-Anderung 
um 0.7 Einheiten. 

Diese in ihrer praktischen Durchfihrung recht einfache Bestimmungsmethode 
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rig. 2. Quantitatives Absorptionsspektrum von Humanserumalbumin, bzw. Humanserum-y- 
globulin in BPB-Pufferlésung. Spektralbereich 590-660 my. pH 3.5. BPB-Konzentration 5.5 mg%, 
entsprechend 220 ug BPB im Ansatz. Ordinate: Extinktion FE. Abscisse: Wellenlange A in muy. 


ist, wie alle mit der Bindung von Farbstoff an Eiweiss zusammenhangenden quanti- 
tativen Methoden in ihrer Anwendbarkeit auf Eiweissgemische dadurch eingeschrankt, 
dass die BPB-Affinitat gegeniiber den einzelnen Proteinen verschieden stark ist und 
moglicherweise auch deren Lipoidgehalt die Reaktion beeinflusst. Reine y-Globulin- 
fraktionen vom Menschen und vom Rind verursachen einen deutlich geringeren Farb- 
umschlag als die Albumine, der Proteinfehler ist also stark von der Art des Proteins 
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abhangig (Fig. 4). Auch die Brauchbarkeit des Albustix ist, wie wir nachpriiften, aus 
dem gleichen Grunde beschrankt. Die y-Globuline zeigen unter sich wiederum eine 
verschieden starke Affinitat zu BPB, z.B. ist die mit der uns zur Verfiigung stehenden 
Myelom-y-Globulinfraktion gemessene Extinktion hoher als die des normalen mensch- 
lichen Serum-y-Globulins. Worauf diese Unterschiede beruhen, ist nicht bekannt. 
Anzahl und Grosse der im Ansatz vorhandenen Molekiile diirften, wie zunichst an- 


E 


+ 


100 200 300 400 Ag 








Fig. 3. Eichkurven fiir Human- und Rinderserumalbumin (Verdiinnungsreihen). 5.5 mg% BPB- 
Pufferldsung, pH 3.5. d = 1cm. Filter 1 61.8, Elko III. x <x Rinder-Albumin; O——O 
Human-Albumin. Ordinate: Extinktion E. Abscisse: Proteinkonzentration (Kontrolle der Stamm- 
lésung kjeldahlometrisch). Die an der Ordinate ausserdem aufgezeichneten pH-Werte weisen auf 
die nach Zusatz von 0.1 N NaOH zur eiweissfreien BPB-Pufferlésung ermittelten Extinktionen hin. 


gesichts der hohen Extinktionen bei den Albuminen scheinen k6nnte, dafiir nicht 
verantwortlich sein, was daran zu erkennen ist, dass die Farbentwicklung eines Bence- 
Jones-Proteins deutlich geringer war als die der Albumine. 

Es besteht offenbar auch keine eindeutige Beziehung zu der, etwa bei der Papier- 
elektrophorese feststellbaren unterschiedlichen Anfarbbarkeit der denaturierten Pro- 
teine durch BPB. Nach den Untersuchungen von PEZoLpD® an denaturierten Proteinen 
binden 1 mg Albumin 0.13 mg BPB und 1 mg y-Globulin 0.12 mg BPB. In unseren 
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Versuchen stehen bei Albuminkonzentrationen zwischen 40 und 400 wg umgerechnet 
1 mg Albumin 5.5 bzw. 0.55 mg BPB gegeniiber. Beriicksichtigt man die Molekular- 
gewichte (BPB: Mol. gew. 669.6), so kann aus den Werten von PEZOLD errechnet 
werden, dass 1 Molekiil Albumin 13 Molekiile BPB bindet. In unseren Versuchen 
lautet das Verhaltnis 1 : 580, bzw. 1 : 58 (bei einer Albuminkonzentration von 40, 
bzw. 400 ug). Auch wenn man die ganz verschiedenen Versuchsbedingungen beriick- 
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Fig. 4. Eichkurven von 10 verschiedenen Proteinlésungen. Methode s. Fig. 3. BPB-Pufferlésung 
5.5 mg%, PH 3.5, d = 1 cm. Nahere Charakterisierung der Proteine s. Text. 


sichtigt, ist doch wahrscheinlich, dass BPB bei unseren Untersuchungen im Uber- 
schuss vorhanden ist. Dass bei hdheren Proteinkonzentrationen keine lineare Be- 
ziehung zur Extinktion mehr besteht, weist vielleicht darauf hin, dass dann der BPB- 
Uberschuss unterschritten wird. 

Trotz der unterschiedlich grossen Extinktionen der einzelnen Proteinfraktionen 
kann diese Methode brauchbar sein, wenn fiir die Messung einer in ihrer Zusammen- 
setzung unbekannten Eiweisslosung der Eichfaktor fiir das Gemisch als ganzes be- 
stimmt werden kann. Der im Reaktionsansatz bestehende Uberschuss an BPB diirfte 
dafiir verantwortlich sein, dass die an kiinstlichen Gemischen verschiedener Protein- 
fraktionen gemessene Extinktion jeweils der Summe der Extinktionen der einzelnen 
Fraktionen entsprach. Der Eiweissgehalt eines Gemisches kann demnach aus der Ab- 
sorption seiner Fraktionen und seiner relativen Zusammensetzung errechnet werden. 

Auch die Biuretmethode liefert, wie bekannt ist, je nach Proteinart etwas diffe- 
rente Resultate. Wir fanden bei Bestimmung mit dem “One piece reagent’’ nach 
Wo rson’, dass sich die Extinktionen von Rinder-y-Globulin : Human-y-Globulin : 
Humanserumalbumin : Humanserum wie 57 : 47 : 41 : 39 verhalten. 
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Es empfiehlt sich, die Bestimmung jeweils gleichzeitig an einer Testlésung be- 
kannter Eiweisskonzentration vorzunehmen, da wahrscheinlich geringe, nicht mess- 
bare pH-Unterschiede von zu verschiedenen Zeiten angesetzten BPB-Pufferl6sungen 
die Genauigkeit beeintrachtigen. Nach unseren bisherigen Beobachtungen nimmt die 
optische Dichte der eiweisshaltigen BPB-Pufferl6sung im Verlauf von 2 Stunden um 
durchschnittlich 5 % zu, was wahrscheinlich durch Lichtempfindlichkeit der Lésungen 
bedingt ist. Bei Simultanbestimmungen ist der methodische Fehler sehr gering er 
betragt knapp 1% und ist damit nach unseren Erfahrungen sicher kleiner als bei der 
Biuretmethode. 

Zusatze von NaCl, KCl, NH,Cl und Harnstoff in Konzentrationen bis 3 g% zur 
groben Uberpriifung des “‘Salzfehlers’’ beeintrachtigen die Bestimmung nicht sicher. 
Polyvinylpyrrolidon stort die Reaktion. Die praktische Anwendung der Methode zur 
quantitativen Bestimmung kleiner Mengen von Harneiweiss erfordert eine vorherige 
Dialyse des Harns gegen 0.9% NaCl-Lésung, da sonst falschlich zu hohe Konzentra- 
tionen bestimmt werden. Gleiches gilt nach unseren Erfahrungen auch fiir die Biuret- 
methode. An dialysiertem Urin gesunder Personen konnten wir eine Eiweisskonzen- 
tration von 2-5 mg% messen. Die klinische Anwendung der Methode ist hier ge- 
geben, da durch andere Methoden so geringe, fiir die Priifung der Nierenfunktion 
wichtige Eiweissmengen nur in komplizierten Verfahren ermittelt werden k6nnen. 


Nachweis der gebrauchten Proteinlésungen 


Humanalbumin “reinst’”’ (Behringwerke AG, Marburg) ; Human-Gammaglobulin 
({Behringwerke AG, Marburg) ; Serumalbumin vom Rind “‘reinst”’ (Behringwerke AG, 
Marburg) ; Gammaglobulin vom Rind “‘reinst”’ (Behringwerke AG, Marburg) ; Myelom- 
y-Globulin, elektrophoret. Reinheitsgrad 100% ; Bence-Jones-Protein, elektrophoret. 
Reinheitsgrad 100% ; Lab-Trol®. Elektrophoret. Zusammensetzung: 77% Albumin, 
23% Globuline (Dade Reagents Inc., Miami, USA). 

Humanserum. Elektrophoret. Zusammensetzung: 43% Albumin, 13.4% «,- 
Globulin, 16.2% a,-Globulin, 15.6% 6-Globulin, 11.8% y-Globulin. 

Analbuminadmieserum. Elektrophoret. Zusammensetzung: 2.6% Albumin, 11.2% 
a,-Globulin, 18.3% «,-Globulin, 27.3% 6-Globulin, 40.6% y-Globulin. 

Urin (Nephrose), nach mehrtagiger Dialyse gegen Wasser und gegen 0.9% NaCl- 
Loésung lyophilisiert. Elektrophoret. Zusammensetzung: 68% Albumin, 11% «@,- 
Globulin, 7% «,-Globulin, 10% £-Globulin, 4% y-Globulin. 
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ZUSAMMENFASSUNG 


Der mit gewissen Indikatorfarbstoffen bei der colorimetrischen pH-Bestimmung 
zu beobachtende sogenannte ‘‘Proteinfehler’’ wird hinsichtlich seiner Abhangigkeit 
von der Natur des Proteins bei Bromphenolblau (5.5 mg% in Citrat—Salzsaure- Puffer 
nach SORENSEN; pH 3.5) untersucht. Serumalbumin vom Rind und vom Menschen 
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bedingen einen deutlich hGheren Proteinfehler als Proteingemische verschiedener Art 
oder reine y-Globulinfraktionen. Ungeachtet dieses Befundes ist es méglich, definierte 
Proteinlésungen in Konzentrationen von ca. 30—400 ug/ml durch photometrische Be- 
stimmung des durch den Proteinfehler bedingten Farbumschlags zu messen. 


SUMMARY 


STUDIES CONCERNING A QUANTITATIVE PROTEIN DETERMINATION 


The so-called ‘‘protein-error’”’ in pH determinations with certain dyes used as 
indicators has been studied; its dependence on the nature of the protein is illustrated 
by experiments with bromophenol blue (5.5 mg/1Ioo ml of SORENSEN’s citrate— 
hydrochloric acid buffer, pH 3.5). The ‘‘protein-error” of bovine and human serum 
albumin is much greater than that of protein mixtures or pure y-globulin. In spite of 
this, accurate protein determinations can be carried out in the range of 30—400 ug/ml 
by photometric determination of the colour change produced by the “‘protein-error’’. 
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ETUDE IMMUNOCHIMIQUE DU FIBRINOGENE ET DE SES DERIVES* 


J. SALMON 


Institut de Clinique et de Pathologie médicales** 
Université de Liége (Belgique) 


Les techniques immunochimiques utilisant la précipitation en milieu gélifié, telles 
que la technique d’OUCHTERLONY! et l’immunoélectrophorése de GRABAR ET WIL- 
LIAMS?, ont permis d’individualiser les groupements responsables de l’antigénicité de 
certaines protéines. C’est ainsi que LAPRESLE?: 4 fragmentant l’albumine humaine au 
moyen d’enzyme protéolytique extrait de rate de lapin, a pu identifier 3 fractions dif- 
férant entre elles tant par les mobilités électrophorétiques que par les propriétés anti- 
géniques. De leur cété, SCHEIDEGGER ET Buzzi* ont mis en évidence 4 groupements 
déterminants antigéniques différents sur les y-globulines humaines. Notons que ces 
derniers auteurs utilisent non plus la scission enzymatique du matériel protéique, mais 
des fragments naturels de y-globulines, sous la forme de protéines sériques myéloma- 
teuses. 

Intéressé au probléme de l’antigénicité comparée du fibrinogéne et de la fibrine, 
nous avons tenté de déterminer les motifs antigéniques de ces substances, espérant 
ainsi mettre en évidence une modification de la structure antigénique paralléle aux 
altérations chimiques. On sait en effet que, sous l’action de la thrombine, le fibrinogéne 
libére des peptides, étape préliminaire a la polymérisation de la fibrine*®. Au cours de 
cette étude, nous avons di fragmenter le fibrinogéne et la fibrine, ce qui nous a permis 
d’envisager quelques aspects inmunochimiques de la fibrinolyse et de la fibrino- 
génolyse. 

MATERIEL ET METHODES 


Fibrinogéene: Utilisé soit sous forme de fraction 1 de COHN, soit sous forme puri- 
fiée selon la technique de LAkI’, soit enfin sous forme de plasma citraté ou oxalaté. 

Nos solutions de fibrinogéne ont toujours été utilisées fraiches. Pour nos études 
immunochimiques, nous n’avons pas noté de différences appréciables entre ces diffé- 
rentes formes de fibrinogéne. 


Fibrine: Préparée en traitant la préparation de fibrinogéne par une solution de 
thrombine renfermant 100 unités/ml, a raison de 0.1 ml pour 1 ml de fibrinogéne. 


Fibrinolyse et fibrinogénolyse: Induites par l’adjonction de streptokinase aux pré- 
parations de fibrine et de fibrinogéne, qui sont ensuite incubées a 37°, généralement 
pendant 4 ou 6h. 


Immunsérums: Sérum anti-fibrinogéne (L-a-F), obtenu en immunisant 5 lapins 
au moyen de fraction 1 de COHN injectée par voie intra-veineuse ®. Ces sérums ont été 





* Communication présenté au 7iéme Colloquium “‘Protides of the Biological Fluids’’, Bruges, 
Mai 1959. 
** Directeur: Prof. J. RoSKAM. 
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épuisés par du sérum humain récolté immédiatement aprés coagulation sanguine, 
jusqu’a négativation du “ring-test’’. Nous avons également réalisé l’épuisement au 
moyen de plasma provenant d’un sujet afibrinogénémique. Les sérums é€puisés de ces 
2 facons ont donné des résultats identiques. 


Sérum anti-fibrine (L-a-Fibrine), obtenu de la fagon suivante: un caillot de fibrine 
lavé 4 fois dans du liquide physiologique a été desséché et ensuite broyé au mortier 
avec de l’alumine en poudre. Cette préparation, mise en suspension, additionnée de 
pénicilline et de streptomycine a été injectée a 3 lapins par voie sous-cutanée pendant 
6 semaines, a raison d’une injection tous les 2 jours. 


Sérum anti-fibrinolyse (L-a-F lyse): une solution de fraction I de COHN a été traitée 
par thrombine et ensuite additionnée de streptokinase. Aprés lyse du caillot, les pro- 
duits dissous ont été mélangés a de l’alumine. Deux lapins ont recu ce mélange addi- 
tionné d’antibiotiques par voie sous-cutanée. Un autre animal l’a recu par voie intra- 
veineuse. L’immunisation a été prolongée pendant 6 semaines. Les immunsérums 
obtenus par 2 voies différentes ont donné des résultats identiques. 


Fig. 1. Précipitation en milieu gélifié du fibrinogéne 4 3 concentrations différentes (1) par le sérum 
anti-fibrinogéne (2). le sérum anti-fibrine (3) et le sérum anti-produits de fibrinolyse (4). 


Les sérums anti-fibrine et anti-fibrinolyse renfermant plusieurs anticorps dirigés 
contre des protéines sériques, nous les avons épuisés au moyen de sérum humain. 

Techniques tmmunochimiques: Double diffusion en gélose!, en microméthode® et 
immunoélectrophorése de GRABAR ET WILLIAMS selon la variante décrite par SCHEI- 


DEGGER’®, 


RESULTATS EXPERIMENTAUX 


Etude du fibrinogéne 

Ainsi que le montre la Fig. 1, le fibrinogéne est précipité en gélose par les sérum, 
L-a-F, L-a-Fibrine et L-a-Flyse. Ces 3 immunsérums précipitent la méme substances 
puisque les lignes de précipitation fusionnent parfaitement. 

Soumis a l’immunoélectrophorése et révélé par chacun de ces 3 immunsérums, le 
fibrinogéne donne naissance a une ligne de précipitation arciforme qui se trouve face 
au réservoir de départ ou légérement déplacée vers le pdle négatif (Fig. 2). 

La substance étudiée est détruite par un chauffage de 3 min a 56°. Elle disparait 
sous l’action de la thrombine. Elle est absente du plasma d’un sujet atteint d’afibri- 
nogénémie congénitale. I] s’agit donc bien du fibrinogéne. 


Bibliographie p. 775 





VOL. 4 (1959) ETUDE IMMUNOCHIMIQUE DU FIBRINOGENE 


Fig. 2. Diagrammes immunoélectrophorétiques du fibrinogéne (a), des produits de fibrinolyse (b), 

des produits de fibrinogénolyse (c) utilisés aux concentrations 3 et 1 et révélés par un sérum de 

lapin anti-fibrinogéne humain; des produits de fibrinolyse (d) et des produits de fibrinogénolyse 
(e) révélés par un sérum anti-fibrine humaine. 


Notons qu’une préparation de fibrinogéne vieillie, soumise a l’immunoélectro- 
phorése, donne naissance a une ligne de précipitation nettement prolongée vers la 
cathode. 


Etude de la fibrine 


Le but premier de notre travail étant de comparer l’antigénicité du fibrinogéne a 
celle de la fibrine, nous avons tout d’abord abordé ce probléme par des essais d’ab- 


sorption. 
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Le sérum L-a-F a été mis en contact de quantités variées de fibrine réduite en 
poudre. Aprés une incubation de 2 h a 37° et d’une nuit en glaciére, nous n’avons noté 
aucune variation du taux des anticorps anti-fibrinogéne de sérum ainsi traité. 

Afin de mieux disperser la fibrine pour faciliter l’absorption des anticorps, l’ex- 
périence suivante a été réalisée: a un volume de liquide physiologique gélosé a 3%, 
maintenu fluide a 45°, on mélange un égal volume d’une solution de fibrinogéne a 
0.5%; ce mélange est additionné de thrombine, puis coulé extemporanément dans 
une colonne de verre large de 15 mm, de facon a obtenir une couche haute de 2 cm. 
Une pareille colonne est préparée sans thrombine. Aprés gélification du mélange, le 
sérum anti-fibrinogéne a été filtré sous aspiration sur ces 2 colonnes. La filtration ter- 
minée, on nota une disparition compléte des anticorps dans le sérum filtré sur fibri- 
nogéne gélosé, tandis que le taux des anticorps filtrés sur colonne de fibrine ne subis- 
sait pas de variation significative. 

D’aprés ces expériences, il semble que la fibrine polymérisée perd les propriétés 
immunochimiques du fibrinogéne. I] est donc souhaitable de comparer les structures 
antigéniques du fibrinogéne et de la fibrine non polymérisée. 


SRI 


Fig. 3. Double diffusion en gélose: sérum anti-fibrinogéne (1), anti-fibrine (2), anti-produits de 
fibrinolyse (3) agissant sur du fibrinogéne (4), des produits de fibrinolyse (5), des produits de 
fibrinogénolyse (6) et du sérum (7) humains. 


Or, la fibrine est soluble dans une solution renfermant 30% d’urée!*. Malheureu- 
sement, il ne nous a pas été donné d’exploiter cette propriété dans nos conditions ex- 
périmentales, car nous n’avons pu réaliser un gel d’agar renfermant une telle quantité 
d’urée. C’est ainsi que nous avons dt recourir a la lyse enzymatique de la fibrine et du 
fibrinogéne. 


Etude des produits de fibrinolyse et de fibrinogénolyse 


1. La fibrine solubilisée par la plasmine (produit de fibrinolyse) est précipitée en 
gélose sous forme d’un trait unique par le sérum L-a-F. I] en est de méme des produits 
de fibrinogénolyse. Si, dans une méme expérience (Fig. 3) on fait agir le sérum L-a-F 
sur le fibrinogéne ainsi que sur les produits de lyse obtenus aprés action de la plasmine 
sur la fibrine et le fibrinogéne, on constate que le trait de précipitation induit par le 
fibrinogéne ne se continue pas parfaitement avec celui que forment les produits de 
fibrinolyse. On se trouve donc devant une image d’identité antigénique partielle. Les 
produits de fibrinogénolyse donnent cette méme image d’identité partielle avec les 
substances libérées par la lyse de la fibrine. Par contre, leur trait de précipitation s’in- 
terpénétre parfaitement avec celui auquel le fibrinogéne donne naissance. 
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Selon cette observation, les produits de fibrinolyse semblent avoir perdu au 
moins un des déterminants antigéniques présents dans le fibrinogéne et dans les pro- 
duits de fibrinogénolyse. Ce groupement pourrait correspondre a I’un des fibrinopep- 
tides libérés par la thrombine®. 

2. Dans l’espoir — vain — de confirmer cette derniére hypothése, nous avons con- 
centré par lyophylisation le liquide exsudant d’un caillot de fibrine, jusqu’a 0.01 de 
volume initial. En effet, cette préparation, qui renferme les fibrinopeptides, n’est pré- 
cipitée par le sérum L-a-F ni en “‘ring-test’’ ni en gélose. D’autre part, ajoutée a 
diverses concentrations a cet immunsérum, elle n’inhibe en rien la réaction d’identité 
partielle observée entre fibrinogéne et produits de fibrinolyse. 

3. Soumis a l’immunoélectrophorése et révélé par le sérum L-a-F, les produits de 
fibrinolyse comme ceux de fibrinogénolyse donnent naissance a un trait de précipita- 
tion fourchu dont l’ouverture est dirigée vers la cathode (Fig. 2). Ces substances pré- 
cipitées ont une mobilité électrophorétique correspondant a celle des #,-globulines. 
Elles peuvent se différencier immunochimiquement. En effet, les produits de diges- 


Fig. 4. Précipitation en milieu gélifié du fibrinogéne (1), des produits de fibrinolyse (2), des produits 

de fibrinogénolyse (3), des produits de fibrinolyse chauffés 4 53° (4), des produits de fibrinogénolyse 

chauffés a 53° (5), des produits de fibrinogénolyse additionnés de thrombine (6) par un sérum de 
lapin anti-fibrinogéne humain. 


tion de la fibrine donnent naissance a un trait intense dans la concavité duquel prend 
naissance une branche de plus faible intensité (Fig. 2b). Par contre, le trait induit par 
les produits de fibrinogénolyse porte cette branche sur sa convexité (Fig. 2c). 

4. Traités par la thrombine, les produits de fibrinogénolyse prélevés aprés 6 h et 
ne contenant plus de matériel coagulable, donnent a l’immunoélectrophorése par 
L-a-F la méme image que les produits de la fibrinolyse. Soumis a la double diffusion 
en gélose et révélés par L-a-F, ils sont précipités sous forme d’un double trait, dont la 
branche interne donne une parfaite réaction d’identité avec les produits de fibrino- 
lyse (Fig. 4). 

5. Aprés un chauffage de 30 min a 53°, les produits de fibrinolyse sont encore 
précipitables en gélose (Fig. 4), mais ils ne donnent qu'un trait simple et non fourchu 
a l’immunoélectrophorése. Quant aux produits de lyse du fibrinogéne, ils sont dé- 
truits par le chauffage a 53°, a moins que la digestion par la plasmine ne soit pro- 
longée au-dela de 18 h. 

6. Lorsque le mélange des produits de fibrinolyse et de fibrinogénolyse est soumis 
a l’immunoélectrophorése et révélé par L-a-F, on trouve une image identique a celle 
que forment les produits de fibrinolyse. Ce dernier résultat est difficilement interpré- 
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table, car les produits de fibrinolyse contiennent de la thrombine qui, nous l’avons vu, 
peut altérer les produits de la fibrinogénolyse. 


Etude des sérums anti-fibrine et anti-produits de fibrinolyse 


En milieu gélosé, ces 2 immunsérums précipitent de la méme facon le fibrinogéne, 
les produits de fibrinolyse, ainsi que ceux de fibrinogénolyse (Fig. 2). Toutefois, on ne 
retrouve plus les réactions d’identité partielle mises en évidence par le sérum anti- 
fibrinogéne agissant sur ces substances placées dans des cuvettes adjacentes (Fig. 2). 
Les lignes de précipitation observées fusionnent parfaitement. 

Soumis a l’immunoélectrophorése et révélés par chacun des 2 immunsérums, les 
produits de la fibrinolyse comme ceux de la fibrinogénolyse donnent naissance a4 un 
trait de précipitation fourchu dont l’ouverture est dirigée vers la cathode (Fig. 3). La 
mobilité électrophorétique des substances précipitées correspond a celle des £,- 
globulines. Mais, contrairement a ce qu’induisait le sérum L-a-F, les images observées 
sont identiques entre elles. Les sérums anti-fibrine et anti-produits de fibrinolyse ne 
décélent donc aucune différence immunochimique entre les dérivés de la fibrine et 
ceux du fibrinogéne. 


Action de la “‘reptilase’’ sur le fibrinogéne 


La “reptilase’’, extraite du venin de Bothrops Jaraca, transforme le fibrinogéne 
en fibrine grace a une action thrombique directe". Le caillot de fibrine, obtenu sous 
l’action du venin, libére aprés adjonction de streptokinase, des substances que pré- 
cipitent le sérum anti-fibrinogéne. En milieu gélosé, celles-ci donnent une réaction 
d’identité partielle avec le fibrinogéne et les produits de fibrinogénolyse. Le diagramme 
immunoélectrophorétique de ces substances révélé par L-a-F est identique a celui des 
produits de fibrinolyse. 

Les altérations immunochimiques induites par la reptilase paraissent identiques 
a celles qu’induit la thrombine. 


Etude de la fibrinolyse et de la fibrinogénolyse ‘in vivo”’ 


Afin d’aborder ce probléme et ne diposant pas de cas de fibrinolyse pathologique, 
nous avons induit expérimentalement des fibrinolyses chez des sujets sains au moyen 
de lipopolysaccharides bactériens (Pyrexal Wander) injectés par voie intra-veineuse 
aux doses de 0.2 a 0.41. Des prises de sang citraté et de sang coagulé ont été effectuées 
aux temps 0, I, 2, 4 et 24 h. Chaque échantillon de sang a été soumis immédiatement 
a l’immunoélectrophorése révélée par le sérum antifibrinogéne. Aprés une incubation 
de 18 h a 37°, chaque sang a de nouveau subi une immunoélectrophorése. 

Sur 5 patients, on n’observa de fibrinolyse avérée que dans 3 cas. La lyse du cail- 
lot ne s’observait que dans les tubes contenant le sang prélevé 2 h aprés l’injection de 
Pyrexal. Dans aucun cas, méme aprés incubation a 37°, nous n’avons observé de modi- 
fication immunochimique du fibrinogéne: le trait de précipitation induit par 1’anti- 
sérum L-a-F n’a pas subi d’altération. Quant au sérum récueilli immédiatement 
aprés coagulation, nous n’y avons jamais découvert de produits de dégradation de la 
fibrine. 

Par contre, le sang coagulé ayant été incubé a 37°, on note l’apparition de sub- 
stances précipitables par L-a-F dans le sang prélevé 2 h aprés l’injection de Pyrexal 
chez les 3 sujets dont les caillots se lyseront dans les heures ultérieures. La ligne de 
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précipitation deviendra d’ailleurs de plus en plus intense aprés incubation prolongée 
du caillot. 


DISCUSSION 


1. La réaction d’identité partielle existant entre le fibrinogéne et les produits de 
fibrinolyse, tous deux soumis a |’action du sérum anti-fibrinogéne, démontre qu’au 
moins un des déterminants antigéniques du fibrinogéne ne se retrouve pas dans les 
produits de fibrinolyse. En effet, le segment du trait de précipitation induit par le 
fibrinogéne, responsable de la réaction d’identité partielle, est formé par un ou des 
anticorps qui ne trouvent pas le ou les antigénes homologues dans les produits de 
fibrinolyse. Or les produits de fibrinogénolyse semblent renfermer ce déterminant 
antigénique, puisqu’ils donnent une réaction d’identité compléte avec le fibrinogéne. 
La plasmine ne pouvant donc étre rendue responsable de la perte du déterminant 
étudié, puisque fibrinolyse et fibrinogénolyse sont induites par cet enzyme, celui-ci 
pourrait éventuellement correspondre a l’un des peptides libérés par la thrombine. 
Toutefois, il ne nous a pas été possible de confirmer cette hypothése, puisque l’adjonc- 
tion des fibrino-peptides au sérum anti-fibrinogéne n’inhibe en rien la réaction d’iden- 
tité partielle observée. Ces expériences prouvent également l’existence dans notre im- 
munsérum antifibrinogéne d’au moins 2 anticorps différents dirigés contre cette pro- 
téine, l’une responsable de la fusion des lignes de précipitation, l’autre induisant les 
réactions de non-identité antigénique. 

2. A la lumiére des travaux de SCHEIDEGGER® et des notres!’, les images four- 
chues observées a l’immunoélectrophorése s’expliquent aisément si l’on admet I’exis- 
tence de 2 groupements déterminants antigéniques dont l’un est commun a 2 sub- 
stances ayant des mobilités électrophorétiques voisines, l’autre n’étant porté que par 
la substance la plus éloignée de la cathode. La production de telles images implique 
la présence d’au moins 2 anticorps distincts dans l’immunsérum précipitant. Les pro- 
duits de fibrinolyse et de fibrinogénolyse renferment donc au moins 2 déterminants 
antigéniques. 

Quant a l’aspect différent des images induites par les produits de fibrinolyse et 
ceux de fibrinogénolyse, nous ne pouvons encore interpréter leur signification. Les sé- 
rums anti-fibrinogéne, anti-fibrine et anti-produits de fibrinolyse possédent au moins 
2 anticorps distincts. Puisque, ainsi que la technique d’OUCHTERLONY nous I|’a mon- 
tré, le fibrinogéne posséde au moins un déterminant antigénique de plus que les pro- 
duits de fibrinolyse, nous pouvons admettre la présence de 3 déterminants antigéni- 
ques sur la molécule de fibrinogéne, qui ont suscité, chez le lapin immunisé, la produc- 
tion d’au moins 3 anticorps. 

3. Par contre, les sérums anti-fibrine et anti-fibrinolyse ne décélent par la diffu- 
sion en gélose qu’une ligne de précipitation donnant une parfaite réaction d’identité 
entre fibrinogéne, fibrinolyse et fibrinogénolyse. A l’immunoélectrophorése, ils donnent 
également des images fourchues avec les dérivés du fibrinogéne. Ces 2 immunsérums 
paraissent identiques. Ils renferment au moins 2 anticorps différents, donc un de moins 
que le sérum anti-fibrinogéne. 

4. La fibrine polymérisée n’absorbe pas les anticorps du sérum anti-fibrinogéne. 
Or, les produits de sa lyse par la plasmine sont précipités par cet immunsérum. On 
peut donc penser que la polymérisation de la fibrine masque les déterminants anti- 
géniques communs au fibrinogéne et a la fibrine. De plus, puisqu’injecté de fibrine, le 
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lapin produit un :antisérum précipitant le fibrinogéne, identique au sérum de lapin 
anti-produits de fibrinolyse, il est probable que la scission enzymatique de la fibrine 
par la plasmine est préalable a la formation des anticorps, hypothése déja évoquée par 
LAPRESLE dans son étude de l’albumine humaine? 4. 

) «5. Ainsi que nous l’avions déja signalé!, il est possible de différencier immuno- 
chimiquement les produits de fibrinolyse de ceux de fibrinogénolyse, au moyen du 
sérum de lapin anti-fibrinogéne humain, puisque les produits de digestion du fibri- 
nogéne renferment un déterminant antigénique de plus que les dérivés de la fibrine. 
De plus, les images 'immunoélectrophorétiques sont différentes: SELIGMANN!! n’ob- 
serve pas de différences immunochimiques entre ces substances, mais nos divergences 
s’expliquent aisément puisque nos immunsérums sont d’origine différente. 


pry 
9 Oe 


) Fe Se ; CONCLUSIONS: 


rt. Le fibrinogéne humain porte au moins 3 groupements déterminants anti- 
géniques différents. 

_ 2. Les produits de fibrinolyse ont perdu au moins un des aét2imiinants antigé- 
niques du fibrinogéne vraisemblablement sous l’action de la thrombine. 

3. Lest possible de différencier immunochimiquement le fibrinogéne, les produits 
de fibrinolyse et ceux de fibrinogénolyse tant par la double diffusion en gélose que par 
suey. epics en utilisant un sérum anti-fibrinogéne. 

4: La polymerisation de la fibrine semble masquer certains groupements anti- 
géniques communs au fibrinogéne et ala fibrine, mais qui sont libérés sous I’ action de 
la plasmine. : 

5. Le sérum de lapin anti- -fibrinogéne humain contient au moins 3 anticorps dif- 
férents anti-fibrinogéne. Les sérums de lapin anti-fibrine et anti-produits de fibri- 
nolyse sont identiques. Ils renferment au moins 2 anticorps anti-fibrinogéne. La lyse 
de la fibrine par la plasmine semble préalable 4 la formation d’ anticorps chez le lapin 
injecté de fibrine polymerisee. 7 

6. La reptilase, qui posséde une action thrombique, fade dans le fibrinogéne les 
mémes altérations immunochimiques que la thrombine. _. 

7. L’induction d’ une fibrinolyse expérimentale chez l’homme ne s ‘accompagne 
pas nécessairement d’une fibrinogénolyse décelable immunochimiquement. 


RESUME 

Par les techniques de précipitation en milieu gélifié et l’immuno-électrophorése, 
il est possible de mettre en évidence trois groupements déterminant l’antigénicité du 
fibrinogéne. L’un de ceux-ci correspondrait a l’un des fibrino-peptides libérés par la 
thrombine.' Les produits de fibrinolyse et de fibrinogénolyse sont précipités par le sé- 
rum anti-fibrinogéne. I] est possible de les différencier par les techniques immunolo- 
giques précitées. Les sérums anti-fibrine et anti-produits de fibrinolyse précipitent le 
fibrinogéne ainsi les substances qui leur ont donné naissance. Toutefois, ils ne décélent 
que deux groupements antigéniques dans la molécule de fibrinogéne. Certaines sub- 
stances ayant une action thrombique produisent dans la molécule de fibrinogéne, les 
mémes altérations immunochimiques que la thrombine. 
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SUMMARY 
IMMUNOCHEMICAL STUDY OF FIBRINOGEN AND ITS DERIVATIVES 


By precipitation techniques and immuno-electrophoresis, it is possible to show 
three groups responsible for the antigenicity of fibrinogen. One of them may be a 
fibrinopeptide liberated by thrombin. The products of fibrinolysis and fibrinogenolysis 
are precipitated by the antifibrinogen serum. It is possible to differentiate them by the 
immunological techniques mentioned above. The antifibrin and antifibrinolysis pro- 
ducts sera precipitate the fibrinogen as well as the substances which have yielded 
them. However, they reveal only two antigenic groups in the fibrinogen molecule. 
Some thrombin-like substances induce in the fibrinogen molecule the same immuno- 


chemical changes as thrombin. 
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FRACTIONATION OF POLYPEPTIDES AND PROTEINS 
ON DEXTRAN GELS* 


J. PORATH 
Institute of Biochemistry, University of Uppsala (Sweden) 


A new separation method similar to elution chromatography has been developed 
and studied over a period of about two years by the author in collaboration with 
FLODIN AND GELOTTE!-, The procedure is briefly as follows. Cross-linked dextran 
gel in the form of small beads is allowed to swell in water or an aqueous salt solution, 
and is then packed into a column. The solution containing the substances to be 
separated is filtered into the bed. Development is performed with the same solution 
as was used when packing the column. 

In general, substances of large molecular size do not enter the gel phase but 
move only in the interstitial fluid. These compounds thus emerge in the effluent im- 
mediately after the passage of a quantity of liquid equal to the void volume of the 
column. Compounds of low molecular weight can pass into the gel grains and are conse- 
quently retarded on the column. The retention is determined by the molecular dimen- 
sions of the solute and by the network of the gel but may also depend on other factors. 

Perhaps the method should be regarded as belonging to the realm of chromato- 
graphy but we use the term gel-filtration, since we believe that sorption is not the sole 
and sometimes not even the decisive factor in the fractionation. A ‘‘molecular sieve’”’ 


effect may be caused by restricted diffusion. The method has wide application, but only 
a few examples can be mentioned here. 


Fractionation of retroplacental serum 


Five ml of retroplacental serum was fractionated on a column of dextran gel of 
an intermediate degree of cross-linking (Sephadex G 50) (74-3 cm) in phosphate— 
borate buffer of pH 8.4 and ionic strength 0.1 at a rate of approximately 85 ml/h. The 
fractions were analyzed by the ninhydrin and FoLin-Lowry reactions and by measur- 
ing the absorption at 260 my. Four distinct peaks were obtained (Fig. 1). The fastest 
moving material, peak A, contained all the substances giving a positive reaction with 
the FoLtin-Lowry method. The ninhydrin-positive peak B probably corresponds to 
hexosamine containing polysaccharides (positive Molish reaction) with free amino 
groups (no increase in ninhydrin colour after hydrolysis). The peak C contains amino 
acids as found by paper chromatography after desalting. Peak D has always been 
observed in all kinds of sera hitherto fractionated on dextran gels. Samples taken over 
the entire peak show a maximum around 292 mu. The absorption curve indicates that 
the peak probably contains uric acid. 

In one experiment the material in peak A was subjected to a second filtration 
under the same conditions. Only one single peak was then obtained, and this again 
occurred in the position expected for large proteins. 





* Paper presented at the 7th Colloquium on ‘‘Protides of the Biological Fluids’, Bruges, 
May 1959. 
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Fractionation of pituitary hormones 


The method is suitable for determining free and protein-bound amino acids and 
peptides in biological extracts. LINDNER, ELMQVIST AND PoRATH*‘ utilized gel filtra- 
tion for the enrichment of posterior pituitary hormones. By gentle extraction of ace- 
tone-dried posterior lobe powder of pig pituitaries with 0.1 N acetic acid at room tem- 
perature, the pressor and the oxytocic hormones were dissolved in a high molecular 
form. By gel filtration (Sephadex G 25) at pH 5 all free peptides, amino acids and other 
contaminants of low molecular weight could be quantitatively removed. If the material 
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Fig. 1. Separation of 5 ml retroplacental serum on gel of a low degree of cross-linking in phosphate- 


borate buffer. @—@—@®@ Ninhydrin color; A—A—A Fo in-Lowry color; O—O—QO© O.D. 
at 280 mu. 


of the first peak was dissolved in N formic acid and subjected to a second filtration in 
acidic medium two main peaks again appeared in the same positions. The second peak 
was then quite small in size and contained all the vasopressin and oxytocin as free 
peptides. Thus by two consecutive operations a very efficient purification could be 
achieved with virtually no loss of activity. The fractionation could be done with less 
than 0.1 g of the acetone powder or with 100g or more. It is noteworthy that a 
separation which can be achieved on a gram scale can be reproduced in minute detail 
on a milligram scale and very likely also with kilogram quantities. 


Fractionation of proteins 


In the two examples mentioned comparatively highly cross-linked dextran gels 
were used. Since the gels act as molecular sieves, gels with coarse-meshed network 
should be suitable for purification of large peptides and small proteins. The decrease 
in relative flow rate through the gel beds restricts the use of gels of low degrees of cross- 
linkage. However, some fractionation experiments have been made with gels of a 
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sufficiently low degree of cross-linkage to permit small proteins to enter the gel: phase.' 
Proteolytic enzymes in pancreatic juice were thus purified by GELOTTES, and, BJOrk 
AND PorATH ® achieved a considerable purification of cholinesterase, phosphodiesterase, 
and lecitinase in snake venoms. The latter fractionations were performed i in. dextrin, 
gel as well as dextran gel. A protein phosphatase from cow spleen, which has been: 
extensively studied by GLoMsET and others, can be effectively retarded on. polyvinyl 
alcohol gels. This is particularly encouraging since the molecular eee of this en- 
zyme is as high as about 23,000. _ 
Some of the most obvious advantages of the gel filtration method can be summa- 
rized as follows: (a) The reproducibility is excellent. (b) With electrolytes present high 
recovery (usually quantitative) is achieved. (c) The electrolyte concentration and pH 
is usually the same or nearly the same in the free solution and the gel phase since no 
charged groups are fixed to the polymer matrices of the gels. (d) A gel bed retains its 
original properties even after daily use for periods of months. (e) Gel filtration can be 
used on a small or large scale. (f) Filtration can often be made rapidly without sacrific- 
ing resolution power. (g) The gel beds are stable in the pH-range 2-10 (and possibly at 
even higher pH). (h) By series operation involving the use of gels of different degrees of 
cross-linkage a very considerable purification may be achieved with molecular size as 
the selective factor. (i) Protein solutions can rapidly be freed from salts. 


SUMMARY 


A bed of particulate dextran gel (Sephadex) acts as a molecular sieve thus per- 
mitting rapid removal of salts, amino acids and other compounds of low molecular 
weight from protein solutions. By use of dextran gels of :different degrees of cross- 
linkage in consecutive operations, very efficient purifications of peptides of inter- 
mediate size can also be achieved. Even proteins are sometimes retarded on dextran 
gel and may thus be considerably purified. | 
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THE CHROMATOGRAPHY OF SERUM PROTEINS 
ON CELLULOSE ION EXCHANGE COLUMNS* 


K. B. COOKE, M. P. TOMBS, R. D. WESTON, F. SOUTER anp N. F. MACLAGAN 


Department of Chemical Pathology, Westminster Medical School, London (Great, Britain) 


INTRODUCTION 


The synthesis, by PETERSON AND SOBER}, of modified cellulose ion exchangers 
in a form suitable for column chromatography opened up a new approach to the prob- 
lem of fractionating the serum proteins. Although these materials have mainly been 
applied to the final purification of proteins already separated by, other techniques 
SOBER et al.2 demonstrated that the anion exchanger diethylaminoethyl cellulose 
(DEAE) could also be used for the preliminary separation of serum proteins. Electro- 
phoretic analysis, however, demonstrated the complex nature of the chromatographic 
peaks obtained. We, therefore, decided to investigate the behaviour of serum pro- 
teins on columns of the cation exchangers carboxymethyl cellulose (CMC) and ee 


phosphate. 


_ APPARATUS 


For this work we used the ineticnt elution system described by SOBER ¢¢ al. with 


minor modifications. With our normal columns of 2.5-cm diameter and approx. 10-cm 
column length we used a mixing chamber of 100 ml capacity stirred magnetically. 
The fixed. volume mixing chamber, whilst not producing an ideal gradient curve has 
been used to obtain the same pattern on 2 different sets of apparatus. 8 

Our automatic scanner was built around a flow cell of 0.5-cm light path fitted 
with tangential side arms to prevent streaming at high flow rates. A Uvispek spectro- 
photometer was used as a source of collimated light, and the output from the photo- 
cell fed into a Vibron 33B electrometer. Appropriate Vibron input ranges and Uvispek 
slit-widths were then chosen to give full-scale deflection of the recorder at 100% 
transmission. The tracing obtained with this system could then be plotted on inverted 
semi-log graph paper to give a plot in good agreement with direct spectrophotometer 
readings up to O.D. 3.5. As a further refinement an auxilliary L.T. supply was pro- 
vided to balance the photocell dark current. This supply could be shorted out by the 
fraction cutter operating relay thus producing a mark on the recorder tracing when- 
ever the fraction cutter plate moved. For scanning at 280 my we have now replaced 
the spectrophotometer by a simple photometer incorporating an interference ‘filter 
with subsidiary filters of nickel salt solution and Chance OX7 glass. 


RESULTS 


We have found that the elution pattern for serum globulins on CM cellulose 
remains essentially the same for a given weight of exchanger irrespective of column 





* Paper presented at the 7th Colloquium on ‘‘Protides of the Biological Fluids’, Bruges, 
May 1959. 
References p. 783 
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TABLE I 
SOME CHARACTERISTICS OF MODIFIED CELLULOSE ION EXCHANGERS 





Useful 


Type Exchanger pk* pH vange 


Protein groupings 


probably involved Buffer systems 





Anion Diethylamino 8.0 8.0—5.0 
ethyl cellulose 

Cation Carboxymethyl 4.0 4.58.0 
cellulose 

Cation Cellulose 6.7 4.0—7.0 
phosphate 


—COOH Phosphate» 

—SH 

—NH, Acetate- 
phosphate¢ 

—NH, Phosphate 
(0.02—1.0 M) 





@ See ref. 1. b See ref. ?. c See ref. 3. 


shape and have recently confirmed a similar behaviour for cellulose phosphate. This. 
would appear to exclude conventional adsorption chromatography as a major means 
of separation with cationic columns. With serum albumin a partitioning of the protein 
between 2 peaks which is dependent on column length is observed below pH 5.5 and we 
have suggested that this may be due to the isomeric forms of albumin known to exist 
at acid pH having differing equilibria with the column material*. 
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Fig. 1. Elution patterns of human serum 
proteins. 


DEAF equilibrated with 0.005 M phosphate 


PH 7.0; 


II. 0.02 M phosphate, pH 6.0; 

III. 0.065 M NaH,PO,; 

IV. 0.05 M NaH,PO, + 0.02 M NaCl; 
V. 0.05 M NaH,PO, + 0.05 M NaCl; 
VI. 0.05 M NaH,PO, + 0.10 M NaCl. 
Gradient elution throughout. 


CM equilibrated with 0.02 M acetate pH 4.6; 
II. 0.05 M acetate, pH 5.2, applied stepwise ; 
III. 0.08 M acetate, pH 6.0; 

IV. 0.10 M phosphate, pH 7.0; 

V. o.10 M phosphate-+o.50 M NaCl, pH 9.2. 
Gradient elution except for buffer IT. 


Cellulose phosphate equilibrated with 0.02 M 
NaH,PO,; 

II. 0.04 M phosphate, pH 5.8; 

III. 0.05 M phosphate, pH 6.2; 

IV. 0.06 M phosphate, pH 6.6; 

V. o.10 M phosphate, pH 7.2; 

VI. 0.10 M phosphate + 0.50 M NaCl, pH = 
9.5. 

Buffers applied stepwise throughout. 

Shaded areas indicate the presence of serum: 
albumin as a major component of the peak. 
Other major components of peaks are shown. 
below the relevant pattern. 


The general characteristics of the 3 materials used are set out in Table I. It will 
be seen from this that, whilst the pK’s of CM cellulose and cellulose phosphate differ 
by nearly 3 pH units, the range of pH over which serum proteins can be adsorbed and 
eluted is similar for the 2 exchangers. This would indicate that separations are 
achieved primarily by the effect of pH and ionic strength on the adsorbed protein 
rather than on the adsorbent column. 
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Elution from CM cellulose columns was achieved with acetate buffer ranging 
from pH 4.6—6.0 followed by phosphate buffers up to pH 9.2. In the case of cellulose 
phosphate elution was attempted entirely with phosphate buffers, ranging from 
PH 4.5-9.5, in order to provide a buffer system which did not absorb at 210 mu and 
which could be used for small scale runs (0.1 ml serum and less) (TOMBS, SOUTER AND 
MACLAGAN’). Typical elution patterns are shown in Fig. 1 for DEAE cellulose, CM 
cellulose and cellulose phosphate together with the elution schedules employed. Each 
system resolves, basically, into 6 main peaks, the first of which is usually a single 
component electrophoretically. The similarity in pattern between CM cellulose and 
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Fig. 2. Elution patterns of supernatant fraction (20 ml bank plasma half-saturated with ammo- 

nium sulphate). Paper electrophoretic results are shown diagramatically below the relevant chro- 

matographic peaks. Black areas indicate major components, cross-hatching minor constituents. 
All fractions are of 6 ml volume. 


cellulose phosphate is most striking with the albumin partitioning previously men- 
tioned occurring over the same pH range on the 2 materials. 

In view of the difficulty of obtaining single component peaks from whole serum 
it was decided to carry out a preliminary separation by half saturating the serum with 
ammonium sulphate at room temp. followed by centrifugation at 7000 x g. This pro- 
cedure gave, in our hands, a supernatant which contained 4 components (by paper 
electrophoresis): (a) Nearly all the albumin present in the original serum. (b) A 
variable amount of «,-globulin. (C) An «,-globulin. (d) A f-globulin. 

The precipitate, after one washing, also contained 4 components: (a) a, globulin. 
(b) An a,-globulin. (c) A f-globulin. (d) y-Globulin. 

Chromatography of the supernatant fraction on DEAE cellulose, as will be seen 
from Fig. 2, yielded: (a) A trace of y-globulin well resolved from other components. 
(b) B-Globulin. This occurred mainly as a discrete peak with the characteristic pink 
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colour and spectrum of siderophillin. Furthermore this peak was homogeneous by 
starch gel electrophoresis § and also when electrophoresed on cellulose acetate *in tris- 
borate—-sequestric acid buffer’ and stained with nigrosine. (c) Albumin contaminated 
with «,-globulin. (d) A double peak containing mainly fast «,-globulin but with pre- 
albumin and traces of a, present. 

There was little advantage to be obtained from running the supernatant fraction 
on CM cellulose. The dotted peak (Fig. 2) when present is electrophoretically pure 
«,-globulin (running under the albumin on starch gel) but its reproducibility is poor. 
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Fig. 3. Elution patterns of precipitate fraction. (20 ml bankplasma half-saturated with ammo 

nium sulphate). Paper electrophoretic results are shown diagramatically below the relevant chro- 

matographic peaks. Black areas indicate major components, cross-hatching minor constituents. 
All fractions are of 6 ml volume. 


When the precipitate is similarly treated it will be seen from Fig. 3 that DEAE 
cellulose gives no greatly improved separation. These DEAE runs were carried out on 
unwashed precipitate—hence the presence of albumin. 

A better pattern is obtained with CM cellulose, although here again no new single 
component peaks appear. In recent experiments the separation of the slow a,- and 
B-globulins appearing between fractions 50 and 150 in Fig. 3 has been improved by a 
modified elution schedule but we have not succeeded in eliminating the contaminating 
fast y-globulin. 

Preliminary experiments using an initial !/, saturation with ammonium sulphate 
pH 7.0 at 4° overnight® have confirmed that this precipitates mainly y-globulin and 
some «,-globulin with a consequent improvement in the chromatographic resolution 
of the globulin fractions. This procedure also appears to stabilise the occurrence of 
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a,-globulin in the 50% saturated ammonium sulphate supernatant. In addition we 
have some evidence that cellulose phosphate is better than CM cellulose for resolving 
globulins. 
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SUMMARY 


From the results it is concluded that single chromatographic runs of whole serum 
on modified cellulose columns are of limited value. However, when applied after 
initial salt fractionation this type of chromatography appears to be a promising 
technique for the preparation of individual proteins and possibly for diagnostic use. 
The best combination which we have investigated consists of a preliminary salt frac- 
tionation with 50% saturated ammonium sulphate followed by chromatography of 
the supernatant on DEAE cellulose and the precipitate on CM cellulose or cellulose 
phosphate. Experimental details for these procedures are given. 
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QUANTITATIVE DETERMINATION OF AMINO ACIDS 
BY COMBINED DISPLACEMENT AND PAPER CHROMATOGRAPHY* 


FRANK LUNDQUIST 
University Institute of Forensic Medicine, Copenhagen (Danmark) 


Many attempts have been made to modify the paper chromatographic technique 
for quantitative use. Some of these methods can undoubtedly be useful when a very 
limited number of amino acids is present, and when only a modest accuracy is re- 
quired. When a large number of different amino acids is present these methods fail 
for various reasons. The spots tend to overlap, especially when the amount of material 
applied is large, as is necessary to obtain reasonable accuracy. The identification of the 
spots in two-dimensional chromatograms may prove difficult and the positions are not 
always reproducible. 

We intended to develop a method for the determination of free amino acids in 
urine and other biological fluids for clinical purposes only, but, surprisingly, the 
eventual method seems to have an accuracy similar to that of the much more com- 
plicated and time-consuming MooRE AND STEIN procedure?. The method is based on 
the carrier-displacement chromatography described by BUCHANAN?, in which several 
carrier substances are used to seperate groups of amino acids. 

The first step in the analysis is the desalting of the material whether it is urine, 
deproteinized plasma or tissue, or protein hydrolysates. This is conveniently done on a 
small column (90 x 4 mm) of Dowex 50 ion exchange resin in the hydrogen form, on 
which the amino acids are adsorbed from an acid solution. The amino acids are eluted 
with N ammonia. 

The next step is the separation of the amino acids into groups. This is done on a 
column, 50 cm long and 1.5—2 mm in internal diameter, containing about 1.5 ml of 
Dowex 50X4 (200-400 mesh) resin in the hydrogen form. Before use the following car- 
rier substances are added successively to the column: 0.6 mmole of isopropyl pyrazole, 
0.6 mmole of pyrazole and 0.6 mmole of nicotinamide. The desalted amino acid mix- 
ture (5-100 wmoles) dissolved in about 2 ml of 0.2 M ammonia is then added and dis- 
placement is effected by 0.1 M piperidine solution at a pressure of about 50 cm of 
water. Four such columns may be used at a time on the fraction collector because only 
50-60 fractions are required from each column. The fractions are shifted at intervals 
of 30-40 min. The volume of each fraction is approximately 0.4 ml. 

The position of the groups of amino acids is followed by means of spot tests on 
paper squares. Two cm squares are ruled and numbered on Whatman No. 1 filter 
paper, I-2 wl of the fractions are spotted, and the paper is dried and dipped in a nin- 
hydrin solution in acetone. The coloured spots appear in groups separated by blank 
spots containing only the carrier substances. The order of emergence from the column 


is shown in Table I. 
Group 5 contains only arginine and is analysed directly by the ninhydron reaction. 





* Paper presented at the 7th Colloquium on ‘‘Protides of the Biological Fluids’’, Bruges, 
May 1959. 
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The other groups are evaporated to dryness and dissolved in a suitable amount 
of N ammonia (0.1-1 ml). Groups 1 and 2 are subjected to twodimensional chromatog- 
raphy on Whatman No. 1 filter paper squares (20 x 20 cm) as described by DENT; 
10-50 wl are applied to each chromatogram. The chromatograms are mounted on a 
rack which can hold up to 12 squares. The solvents used are phenol—water in one 
direction and collidine—lutidine—water in the other. Leucine and isoleucine may be 
separated on a one-dimensional chromatogram with benzy] alcohol as solvent. 


TABLE I 


SEPARATION OF AMINO ACIDS ON CARRIER-DISPLACEMENT COLUMN 





Group I Asp, Glu, Ser, Thr, Pro, Hypro, Glu-NH, 
Isopropyl pyrazole 
Group 2 (a) Gly, Ala, Val, Met 
(b) Leu, Ileu, Cys 
Pyrazole 
Group 3 Phe, Tyr 
Nicotinamide 
Group 4 His, Lys, Try, B-Amino isobutyric acid 
Ammonia 


Group 5 Arg 





Groups 3 and 4 are analysed after one-dimensional paper chromatography in 
phenol and collidine — lutidine respectivily. 
The quantitative determination of amino acids on paper is done essentially by 


the method of MEYER‘, in which ethylenediaminetetraacetate is added and the paper 
with the spot is boiled with an alcoholic solution of ninhydrin. The colour is measured 
in a volume of 5 ml at 578 my after filtration through cottonwool. The spots are 
located by staining with ninhydrin in acetone before they are cut out. 

In order to measure with some accuracy small amounts of amino acid (below 
0.1 umole) it is absolutely necessary to have low and uniform blank values. This is 
achieved by washing the Whatman No 1 filter paper in batches of 50 pieces with a 
solution of 8-hydroxyquinoline and ethylenediaminetetraacetate in 0.5% sodium 
carbonate followed by water. Extinction values in the blank experiments with paper 
treated in this way are about 0.033 with a standard error of the mean of 0.001 
(10 analyses). 

MEYER claims that all amino acids except phenylalanine, tyrosine, proline and 
hydroxyproline give a colour yield corresponding to complete conversion to the blue 
ninhydrin compound. We find, however, that serine, threonine, histidine and arginine 
also give less colour than the theoretical when analysed directly. The colour yield after 
chromatography on paper is near the theoretical for most amino acids with the ex- 
ceptions shown in Table II. Even in those cases where the yield is not 100% the 
results are very constant. 

The accuracy attained for analyses of amino acids on paper chromatograms cor- 
responds to a standard error of the mean varying from 0.4 to 2% for a series of chro- 
matograms at intermediate concentrations (0.05 wmoles amino acid in the spot). The 
extinction corresponding to full colour development from 0.1 umole is 0.465 at the 
wavelength used. ' 
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For analyses of urine it is important to be able to measure also 6-aminc isobutyric 
acid (BIBA) and some other amino acids which are not found in proteins. BIBA 
appears in group 4 and interferes with the chromatographic determination of histidine. 
Histidine may, however, be determined accurately by coupling with diazotized #- 
chloroaniline by direct analysis of group 4, and BIBA can therefore be determined as 
the difference between the histidine thus determined and the sum of histidine and 
BIBA determined by the ninhydrin method after paper chromatography. 


TABLE II 
COLOUR FORMATION WITH NINHYDRIN 





Percentage of maximal yield 
Direct Paper (2 dim.) 





Serine 

Threonine 

Glutamine 

Histidine 

Tryptophan 

Lysine 

Tyrosine 

Phenylalanine 

Arginine 

B-Amino isobutyric acid 





Cystine is determined by paper chromatography after oxidation to cysteic acid 
with hydrogen peroxide. Cysteic acid gives the full colour yield in the ninhydrin reac- 
tion, both directly and after paper chromatography. The oxidation of cystine to 


cysteic acid under the conditions employed gives a constant 80% yield of cysteic acid. 


TABLE III 


RECOVERY OF AMINO ACIDS FROM COMBINED DISPLACEMENT PAPER CHROMATOGRAPHY OF A MIXTURE 
CONTAINING APPROXIMATELY EQUAL AMOUNTS OF THE AMINO ACIDS 





Group I Glu: ‘ Ser: 102 Pro: 116 
Asp: Thr: 74 (96) Hypro: 116 
Group 2 Gly: Val: 98 Met: 83 
Ala: Leu: 100 
Group 3 Tyr: Phe: 96 
Group 4 Try: His: 
Lys: 92 
Group 5 Arg: 





Table III shows an experiment performed on a mixture of approximately equal 
parts of the common amino acids plus BIBA. The low yield of methionine is un- 
doubtedly caused by oxidation during chromatography on the column, because 
reducing substances were not added to the piperidine solution. Low yields of this 
amino acid are also found in MOORE AND STEIN’s method. Tryptophan, which is 
partly destroyed in their procedure, is recovered satisfactorily by our method. 
Proline and hydroxyproline do not lend themselves well to analysis with ninhydrin ; 
the yellow colour obtained is very weak. These amino acids may, however, be deter- 
mined quantitatively by special methods in the group 1 fraction, where interfering 
substances are removed. 
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SUMMARY 


A preliminary separation of the amino acids into four groups is achieved by dis- 
placement chromatography on a small column of Dowex 50 ion exchange resin pre- 
treated with isopropyl pyrazole, pyrazole, nicotinamide and ammonia. A two-dimen- 
sional paper chromatogram (phenol, collidine—lutidine) is run on a sample of each of 
the four fractions. In this way all amino acids are clearly separated, and the spots can 
be cut out after preliminary staining with ninhydrin. The amino acid content is then 
determined by the ninhydrin reaction. Most amino acids give a quantitative colour 
yield by this procedure but a few give lower (50-80%) but reproducible yields. The 
accuracy of the method is about 3%. The method has been used for determination 
of amino acids in urine and serum after desalting. 
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THE BIOLOGICAL BEHAVIOUR OF NORMAL 
AND DENATURED HUMAN PLASMA ALBUMIN* 


T. FREEMAN 
The National Institute for Medical Research, The Ridgeway, London (Great Britain) 


Radioactive iodine has been widely used as a convenient label for plasma proteins 
since STERLING’s description in 19511. The reliability of the iodine label has been 
demonstrated by a comparison in animals of ™I labelled proteins with the same 
proteins labelled biosynthetically with 14C?:* and in humans by the comparison of 
labelled and unlabelled albumin in a patient with analbuminaemia‘. Nevertheless 
the variety of figures quoted in the literature for the half-life of IJ albumin in 
normal humans suggests that in some of the reported experiments the albumin used 
contained molecules which were metabolised more rapidly than native albumin. 

As a preliminary to a study of disease in humans it was important to know that 
each preparation of albumin behaved as native albumin. Having now tested 36 con- 
secutive human albumin preparations, it is clear that with a good albumin and a 
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Fig. 1. Normal and denatured human !*! [-albumin in two tolerant rabbits. 


* Paper presented at the 7th Colloquium on ‘“‘Protides of the Biological Fluids’’, Bruges, 
May 1959. 
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standard iodination technique*, J albumin can be prepared routinely with little 
or no denaturation of the molecule. The tests used are described because they demon- 
strate at least two in vivo mechanisms for eliminating altered molecules, and because 
the methods are applicable to other plasma protein fractions which may be more 
easily denatured than albumin. 

The first test takes advantage of the rapidity with which some foreign molecules 
are taken up by the liver; it was found by experiments in rats using trace doses of 
heat denatured albumin * that 75% of the dose of grossly denatured protein could be 
found in the perfused liver between 8 and 15 min after the injection. A variety of 
albumins—normal and deliberately denatured were injected into rats and the liver 
retention measured; a totally denatured albumin gives 75% retention and normal 


0.3 atoms of iodine per molecule of alburmin —— 


1.2% 
1.2% 
1.4% 
2.1% 
2.6% 
3.5% 


qageoaorerpvpeo 





— - 63 A/M in human 


o® 
fe) 


~ = 14. A/M. in human 
(BERSON AND YALOW ) 


a 
e) 








‘c 
E 
za 
os 
zg 
w <= 
rin: 
we 
w 
a oe 
- § 
qcq= 
g 5 
re) 
°o 
= 


'. «+- ©. ss. 
Days 
Fig. 2. Human !8! [-albumin iodinated at various levels in tolerant rabbits. 


albumin gives less than 1.5% retention. This small amount is probably due to in- 
complete perfusion of the liver. 

The second test consisted of measuring the biological half-life of the labelled 
albumin. In order to test human albumin in animals, rabbits were made tolerant by 
injections of human albumin at birth, so that they failed subsequently to react against 
this protein. When fully grown the material to be tested was injected intravenously 
and the half-life measured by whole body counting. Fig. 1 shows that the half-life of 
retained activity for each rabbit is fairly constant but that there can be considerable 
difference in the half-life between rabbits. Although the half-life of human albumin 
was constant when tested repeatedly over a long period (15 months), it was always 
shorter than a similarly prepared rabbit albumin (human albumin 205 h, homologous 
albumin 250 h). In each rabbit the half-life of a denatured protein is faster than that 
of the undenatured albumin. To compare the data from different rabbits each value 
is expressed as a percentage of the corresponding value for undenatured human 
albumin. When expressed in this way undenatured albumin gives by definition a 
constant value of 100% (S.D. 5% from 287 observations in 8 rabbits). All the data 
shown are expressed as a relative retention in this way. 

Soluble heat denatured albumin showed a 75% retention in the rat liver and this 
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protein was very rapidly eliminated by the tolerant rabbit—only 3% left after two 
days. When a mixture of 40% heat denatured albumin and 60% undenatured albu- 
min was injected into a tolerant rabbit about 40% was removed rapidly and the re- 
mainder metabolised at the same rate as undenatured albumin. 

Evidence for denaturation by over-iodination is shown in Fig. 2. An albumin 
prepared on a carboxymethy] cellulose column was iodinated at various mean iodine 
levels per molecule. The rat liver only began to show retention when the molecule 
contained Io or more atoms of iodine/molecule of albumin, and then to only a small 
extent. The tolerant rabbit did not discriminate between albumins labelled at 0.5 and 
one atom/molecule, but at 2.9 atoms/molecule and over the breakdown rate increased 
progressively. The more rapid elimination in the first few days was presumably due 
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Fig. 3. Irradiated human 1%1]-albumin in tolerant rabbits. 


to the presence of molecules having more than the average number of iodine atoms. 
Also shown on this diagram are figures obtained using over-iodinated albumin in 
humans; the preparation with 6.3 atoms/molecule was tested in a man with a healed 
gastric ulcer and is expressed as a relative retention by comparison with the average 
of four normal young men receiving undenatured albumin. The experiment at I1.1 
atoms/molecule is taken from a paper by BERSON AND YALOw’. In spite of the very 
different half-life of human and rabbit (350 compared with 200 h for the rabbit) the 
results from the two species expressed in this way are similar. 

The behaviour of over-iodinated albumin is of interest because the breakdown 
rate is faster than for undenatured albumin throughout the whole experiment, so that 
there is no time at which deductions can be made about the behaviour of native 
albumin. This type of elimination is so different from that of heat denatured albumin 
that the method of removal by the body must be different. The results suggest either 
that there is a specific slow acting mechanism for removing this denatured protein 
or that over-iodination in some way promotes readier access to the normal catabolic 
site. 

The effect of irradiation depends on the protein concentration of the material 
irradiated *: *. In this experiment (Fig. 3) all samples were subjected to self-irradiation 
at a protein concentration of 2-3 mg/ml. The first demonstrable change in the be- 
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haviour of the labelled albumin was at 56 K rads, and with larger doses the departure 
from normal increased progressively. The material irradiated to 300 K rads was seitz 
filtered and injected into a third rabbit and into a normal woman, the results again 
show a similarity between human and tolerant rabbit but after filtration the prepa- 
ration appears to be less damaged, presumably due to removal of aggregated mole- 


cules. 
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Fig. 4. Different albumin preparations similarly iodinated and studied in tolerant rabbits. 


Finally albumins prepared in different ways were iodinated and tested (Fig. 4). 
The electrophoretically prepared albumin was used untreated in any way, the chro- 
matographically separated material was freeze dried, and the albumin re-crystallised 
from salt (supplied by Behringwerke) was carefully heated to destroy the hepatitis 
virus; these three preparations showed no evidence of denaturation. The initial drop 
in the salt and alcohol—ether preparations may be due to presence of plasma proteins 
other than albumin and having a faster catabolic rate. The alcoholic trichloracetic 
acid (TCA) preparation was made by precipitating the globulins with 1% alcoholic 
TCA, and then precipitating the albumin by adding an equal vol. of ether; it may be 
that this final precipitation with ether resulted in damage to the albumin molecule, 
and that recovery by dialysis would show a less damaged molecule. 


CONCLUSION 


1. These tests constitute a useful means of checking the in vivo behaviour of iodinated 
proteins, and which as has previously been shown may be altered by a number of 


factors. 
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2. They indicate the presence of two different 1m vivo mechanisms for the removal of 
altered protein molecules. 
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SUMMARY 


In studying human plasma protein metabolism with labelled proteins, it is im- 
portant to know that each preparation of tagged protein behaves in the same way as 
native unlabelled protein. Two biological tests have been devised for detecting the 
presence of protein molecules that have been so altered that they are handled differ- 
ently in the body. The first takes advantage of the retention of grossly denatured pro- 
tein by organs: in this test most of the denatured protein can be found in the liver of 
the rat 15 min after intravenous injection. In the second test rabbits rendered tolerant 
to human plasma proteins, are injected intravenously with the labelled protein and 
the half life measured. Deliberately denatured albumin has been shown to be elim- 
inated more rapidly than normal protein over a period of a week or more. 
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It has long been recognized that the dominating bile acids in man are cholic, 
chenodeoxycholic and deoxycholic acids (cf. SoBOTKA"). These acids occur conjugated 
with glycine and taurine, the glycine conjugates normally dominating. Because of the 
lack of reliable methods for the determination of the six common bile acids thus pre- 
sent (TC***, TCD, TD, GC, GCD and GD), very few data have been published on the 
relative proportions between these acids in man. Using a combination of adsorption 
chromatography and infrared analysis, WOOTTON AND WIGGINS? studied the propor- 
tions between C, CD and D after hydrolysis of the bile and found C and CD to be the 
main bile acids in man. Similar results were obtained by ISAKsson?, who used colour 
reactions for the determinations. Only preliminary results have been published re- 
garding conjugation of bile acids* 5. 

After the development of methods for the analysis of free and conjugated bile 


acids by quantitative paper chromatography®.*, a series of investigations on the 
human bile acids was carried out. 

This paper deals with the bile acid composition in new-born children. It was. 
thought to be of interest to determine whether any differences could be found between 
the adult and the newborn, especially since the newborn child lacks intestinal bacteria 
which are known to cause chemical changes of the bile acid cwecgbaan A preliminary 
report of the results has been published’. 


EXPERIMENTAL 


Collection of duodenal contents 


The samples were taken through a rubber or plastic tubing introduced through 
the nose of the patient lying on his right side. When a spontaneous flow of yellow 
fluid occurred, a gentle suction was applied and between 1 and 5 ml of this fluid 
(usually neutral) was collected. The method was modified according to the age of the 
patient in the following way: 

In patients o—7 days old, the sample was collected between 3.30 and 5.30 a.m. 
The children weighing more than 3000 g had their last meal at 10 p.m. the day before, 
whereas children weighing less than 3000 g (two cases only) had an extra meal con- 





* Present address: Lyckeby, Sweden. 
** Present address: Statens Rattskemiska Laboratorium, Stockholm 60. 

*** The following abbreviations are used throughout this paper: C = cholic acid (3,7, 12«-tri- 
hydroxycholanic acid); CD = chenodeoxycholic acid (3«,7x-dihydroxycholanic acid); D = de- 
oxycholic acid (3«,12«%-dihydroxycholanic acid); T = Tauro-,G = glyco-;G:T = ratio of glycine- 
to taurine-conjugated bile acids. 
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sisting of sugar solution at 1.30 a.m. An expandable, plastic, premature feeding tube 
(size 5 french, length 15 inches, made by Pharmaseal Laboratories) was put down 
27-30 cm. No sedatives were used. 

Children between 7 and 12 months old had their last meal nine hours before the 
sampling, which was done at the same time as in the former group. An expandable, 
plastic, suction catheter (size 10 french, length 22 inches) was put down 40-45 cm. 
One hour before sampling the child was given 0.25 g chloral hydrate per rectum. 

Children over 4 years old had their last meal at 6 p.m. and the sample was col- 
lected through a rubber catheter between 6 and 10 a.m. on the next day. 

The samples were immediately placed at —4° and later transported to our labora- 
tory in a flask containing ice. After 5-50 h they were frozen and stored at —16°. 


Bile acid analysis 


Quantitative paper chromatography was carried out according to SJOVALL®. 8, 
GC, GCD and GD were determined after separation by descending paper chromato- 
graphy. TC and TCD + TD were separated by ascending chromatography, and the 
latter acids were determined together. Duplicate determinations were always carried 
out. Qualitative separations of TCD and TD by descending chromatography were 
carried out according to SJGVALL®. In all cases, the chromatographic behaviour and 
the sulphuric acid spectra of the bile acids were used as the sole criteria of their 
identity. Absorption spectra were recorded with a self-recording spectrophotometer 
(Perkin-Elmer Spectracord 4000). 

Free bile acids were separated by ascending chromatography with ethylene 
chloride-heptane 50/50 as the moving phase and 70% acetic acid as the stationary 
phase. The minimum detectable amount of free C, CD and D on a chromatogram is 
about 1 yg. This figure was used for the calculation of the percentage of free bile acids 
that could have been present without being detected. When GD was not found after 
separation of the glycine-conjugated bile acids, a similar procedure was used for the 
calculation of the maximum amount of GD that could have been present without 
being detected. Similarly, the maximum amount of TD could be calculated, but the 
minimum amount of TD detectable on the descending chromatograms was somewhat 


larger than for the other bile acids (about 2 yg). 


RESULTS 


The bile acids which were determined in 26 children may conveniently be 
divided into three groups. 

Group I consists of 21 infants (13 boys and 8 girls) 1-7 days old. Bile acids were 
determined at least twice during this period in 9 cases. The diet consisted of breast 
milk and/or cow’s milk diluted with an equal volume of water. Eight cases received 
practically only breast milk, 6 cases got the diluted cow’s milk during the first day 
and thereafter only breast milk. Six cases were fed both with diluted cow’s milk and 
breast milk with a predominance of the latter. One case was given diluted cow’s milk 
only. No differences in the bile acid composition of these dietary groups were noted. 
The bile acid proportions in two infants with icterus and one infant with anemia did 
not differ from those of the other children. 

Group II. After 7-12 months, the bile acids were again determined in six of the 
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children of group I. To this age group another two children were added where no pre- 
vious analyses had been done. The breast milk feeding of all the children had ceased 
at least one month before the sampling. Sulfa was given to one child for a few days but 
was stopped one day before sampling. In another child, an attack of newly passed 
diarrhoea was noted, but the bile acid analyses of the latter two cases did not reveal 
any difference from the other children. 

Group III consists of three children 4, 6 and Io years old. 


Qualitative composition of bile acids 


With the exception of only a few samples, no free bile acids could be detected in 
the duodenal contents of any group (see experimental). It could be calculated that in 
only one sample out of 45 analyzed could the free bile acids have comprised more than 
3% of the total bile acids. 

When paper chromatograms were run with solvent systems separating glyco- 
cholic, glycochenodeoxycholic and glycodeoxycholic acids, no glycodeoxycholic acid 
could be found in any of the children of group I and II (less than one year old). It was 
calculated that glycodeoxycholic acid could not have been present in amounts ex- 
ceeding 2% of the total glycine conjugates without being detected in most cases. De- 
scending chromatography of the taurine conjugates of some samples also failed to 
reveal any taurodeoxycholic acid. In the children of group III, however, conjugated 
deoxycholic acid was found in all cases. 

In several samples from the children of group I, a weak spot of a substance 
travelling slightly faster than glycodeoxycholic acid was discovered. Owing to the 
small amounts present, the absorption spectra in sulphuric acid gave rather low ex- 
tinction values, but there appeared to be a maximum between 305 and 310 my after 
heating for 15 min at 60° in 65% sulphuric acid. The nature of this compound is un- 


known. 
In some samples from the children of group II, a spot was observed between 
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Fig. 1. Absorption spectrum of the unidentified compound moving as glycoursodeoxycholic acid 
on the paper chromatograms. The sample was heated for 15 min at 60° in 65% sulphuric acid. 
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glycocholic and glycochenodeoxycholic acids. Its position was approximately that of 
glycoursodeoxycholic acid and in one child the sulphuric acid spectrum of this com- 
pound was recorded (Fig. 1). The absorption spectrum is closely similar to that of 
glycochenodeoxycholic acid. The acid has been isolated and its identification will be 
described later. 

Fig. 2 shows the absorption spectra in sulphuric acid of glycocholic and glyco- 
chenodeoxycholic acids eluted from a paper chromatogram of duodenal contents. The 
curves show a satisfactory agreement with the spectra of the corresponding synthetic 
compounds. This has also been found for the taurine-conjugated acids. 
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Fig. 2. Absorption spectra of synthetic bile acids ( ) and bile acids from the duodenal 

contents (——-——__ ). Left curves: Glycocholic acid after 1 h at 20° in 65% sulphuric acid. Right 
curves: Glycochenodeoxycholic acid after 15 min at 60° in 65% sulphuric acid. 





Quantitative relationships 


Since the samples were taken without any standardized conditions with regard 
to the emptying of the gall-bladder, large variations in the total concentration of bile 


TABLE I 
TOTAL CONCENTRATION AND PROPORTIONS BETWEEN DIFFERENT BILE ACIDS 
IN DUODENAL CONTENTS OF INFANTS, CHILDREN AND ADULTS 





Rati 
Number Total conc. (mequiv. /l) z. es 


A ge of M R 
cases =— —— Mean Range 








nN 


1—4 days* 13 ; 4.6—26.7 0.47 0.21—0.86 
5-7 days* 17 ; 2.0—29.2 0.95 0.34-2.30 
8 


7-12 months } 2.2-19.7 2.4 1.4 —3.1 
4-10 years 3 ‘ 2.4— 5.2 1.7 1.3 —2.4 
appr. 20 years** 19 ‘ 2.8—20.0 3.1 1.9 —5.0 


es NS NHN 
Pret were: 





* When several determinations were made in the same child during the period, the mean 


values were used. 
** To be published. 
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acids were noted (Table I). The mean bile acid concentration showed no pronounced 
differences between groups I and II and the values obtained for medical students. The 
number of cases in group III is too small to permit any conclusions. 

Table I also shows the ratio between glycine- and taurine-conjugated bile acids. 
During the first days after birth, the bile acids are conjugated mainly with taurine but 
the proportion of glycine-conjugated bile acids rapidly increases. The bile acids were 
analyzed at least twice during the first year in 12 cases. The results are summarized 
in Fig. 3; in only one case was a decrease in the G:T ratio during the first days of 
life observed. 
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Fig. 3. Changes in the proportions between glycine and taurine conjugated bile acids (G : T) and 


in the proportions between cholic and chenodeoxycholic acids (C : CD) during the first week and 
year after birth. 





As already mentioned, deoxycholic acid could not be detected in the children less 
than one year old. The ratio between C and CD was variable and in group I it tended 
to be lower in the girls than in the boys. The mean value for the boys and the girls of 
this group was 1.8 and 2.7 respectively. The difference is not statistically significant. 
In group II, however, a significantly lower C : CD ratio was observed compared to 
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group I (Table I). In the six cases where bile acid analyses were carried out during the 
first week after birth and then at the age of 7-12 months, the C : CD ratios were always 
lower in the latter period (Fig. 3). It was observed that the C : CD ratio for the glycine- 
conjugated bile acids was higher than for the taurine-conjugated ones in groups I and 
II, which is not the case in adult man. 


DISCUSSION 


The most striking differences between bile acid composition in the newborn infant 
and in the adult are the absence of deoxycholic acid and the very high proportion of 
taurine conjugates in the former. 

When this investigation was started, deoxycholic acid was thought to be directly 
formed from cholesterol in the liver. Its absence in the newborn infant, as well as in 
human fistula bile’, suggested that the intestinal microorganisms might play a part 
in the formation of deoxycholic acid. Studies with labelled bile acids have shown that 
deoxycholic acid is in fact formed from cholic acid in rabbits (where it is the main bile 
acid), man and rats1!-8, In rats it is formed in the cecum through the action of the 
microorganisms ; 1” vitro experiments with cultures of rat fecal suspensions have also 
shown the formation of deoxycholic acid from cholic acid!4. The nature of the micro- 
organisms removing the 7a-hydroxyl group of cholic acid is not known, but the ab- 
sence of deoxycholic acid in children 7-12 months old suggests that these micro- 
organisms are not yet present in amounts large enough to effect any appreciable con- 
version of cholic acid into deoxycholic acid. Further studies on the fecal bile acids of 
these children will, however, be necessary. In the infants 1-7 days old, cholic acid is 
the dominating bile acid followed by chenodeoxycholic acid. The ratio between these 
acids was found to be 2.5 : 1 but it was also found that the ratio was somewhat higher 
for the glycine-conjugated bile acids than for the taurine-conjugated ones. The reason 
for this is obscure. In the adult, the ratios are similar for both types of conjugates. A 
possible explanation would be the presence of so far unidentified bile acids, the 
taurine conjugates of which have been determined together with the taurine con- 
jugates of cholic and chenodeoxycholic acids. Since a better separation is obtained of 
glycine-conjugated bile acids, the glycine conjugates of the unidentified compounds 
might have been separated from the glycine conjugates of cholic and chenodeoxy- 
cholic acids and thus not determined. Unidentified weak spots on the chromatograms 
of glycine conjugates have indeed been found in several cases. Other possible expla- 
nations would be a difference in the conjugation of cholic and chenodeoxycholic acids 
with taurine and glycine, or differences in the microbial hydrolysis of the bile acids 
that is known to occur during the enterohepatic circulation. 

The reason for the predominance of taurine-conjugated bile acids in the infants 
1-7 days old is not clear. During this period, the proportion of glycine conjugates in- 
creases and at the age of 7-12 months the ratio of glycine to taurine conjugates is 
2.4 (3.1 in the adult). Under certain pathological conditions (e.g. hepatitis, long- 
standing obstructive jaundice), the liver conjugates cholic acid mainly with taurine. 
WALSHE**, in a semiquantitative study of the urinary excretion of amino acids in 
liver disease, found increased excretion of, among others, taurine as compared with 
glycine in several cases of hepatitis. According to SoucHON"”’, the relative urinary 
excretion of taurine as compared with glycine decreases during the first seven days 
after birth, but several other changes in the amino acid excretion take place during 
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this period. It is possible, however, that there is a correlation between the amino acid 
excretion and the conjugation of bile acids. In this connection it might be mentioned 
that dietary taurine to adult subjects markedly increases the proportion of taurine- 
conjugated bile acids whereas glycine has no effect !*. Another finding that might have 
a bearing on the conjugation of bile acids in infants, is the observation by DURANDO 
AND CoLoMBO?® that there is only a minor synthesis of hippuric acid in sucklings when 
sodium benzoate is given, but that this synthesis can be increased by simultaneous 
administration of glycine. 
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SUMMARY 


The bile acids in duodenal contents of infants during the first week after birth and 
at the age of one year have been determined with the aid of quantitative paper chro- 
matography. The following results were obtained: 

1. Except for traces in a few samples, no free bile acids could be detected. The 
mean total concentration of bile acids was about 10 mequiv./l. 

2. During the first week, the mean value for the proportions between cholic and 
chenodeoxycholic acids was 2.5. No deoxycholic acid was found, either during this 
period or in the children 7-12 months old. 

3. During the first days after birth, the main part of the bile acids was conjugated 
with taurine but the proportion of glycine conjugates rapidly increased and, at the 
age of 7-12 months, approached the proportion found in the adult. 
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Science, Prague (Czechoslovakia) 


INTRODUCTION 


Several papers have been published in recent years dealing with the classification, 
properties, isolation and determination of lipoproteins! ?. For the isolation of lipo- 
proteins CoHN’s method of fractionation can be used which shows that lipoproteins 
linked to a:-globulins are present in fraction IV-1, and f-lipoproteins linked to f,- 
globulins in fraction III-o. GOFMAN ef al.1 separated lipoproteins by ultracentrifuga- 
tion into lipoproteins of high and low density and BURSTEIN? introduced a relatively 
simple method for the isolation of 6-lipoproteins by means of dextran sulphate and 
calcium ions. 

During investigations of the influence of antibiotics of the tetracyclinic type on 
blood elements we also studied the action of these antibiotics on the proteins of human 
serum. We found that lipoproteins and chlortetracycline hydrochloride (CTC) 
interact in the presence of calcium ion and are then found in the precipitate. 


MATERIALS AND METHODS 


In all experiments undialysed serum of healthy blood donors was used, with no 
sign of hemolysis. The erythrocytes were removed by centrifugation and only serum 
which had been stored for less than one week at 5° was used. 

For the immunochemical analysis of human serum proteins rabbit antiserum 
(AHS) was used. The AHS was of such a quality that it precipitated on the immuno- 
electrophoretic plate 14 antigens of the electrophoretically separated proteins of 
human serum. 

Hor:zontal paper electrophoresis was carried out in a moist chamber. The frac- 
tionation was performed in DITTMER’S‘ veronal- acetate buffer pH 9.2. 0.02 ml of the 
protein material (for the analysis of the lipoproteins 0.04 ml) was measured from a 
calibrated micropipette and applied on the edge of a clean plexiglass slide. This edge 
was then pressed to a strip of Whatman No. 3 paper. A solution of bromophenol blue 
was used for the detection of the proteins and a solution of Sudan Black in 60% 
methanol for the detection of the lipoproteins. 

Electrophoresis in agar gel was carried out in 1.5% Difco agar in a barbital 
buffer at pH 8.6 and ionic strength 0.05, on glass plates with a 2-mm layer of agar. A 
potential gradient of 3.5 V/cm was applied and the electrophoresis was performed in 
a moist chamber at 20°. After fixation of the proteins in 3% acetic acid the plates were 
dried and stained with Sudan Black; in addition, the non-lipoid components were 
stained with an aqueous solution of Azocarmine. 

We used for the immunochemical analysis a modification of Ouchterlony’s double 
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diffusion technique in 1% Difco agar gel in a medium of 0.9% NaCl adjusted to px 
7.5 by a veronal buffer with a slight buffering capacity®. The dried gel plates were 
stained with Sudan Black and Azocarmine. 


RESULTS 


The influence of the amount of CIC and calcium chloride on blood serum proteins 


After adding CTC to the serum a slight opacity developed which intensified after 
addition of calcium chloride, forming a precipitate which could be removed by 
centrifugation. 

After 2, 3, 4 and 5 vol. of 1% CTC had been added to 4 tubes each containing 
5 vol. of serum, I vol. of 0.45 M calcium chloride was added to each tube. After 30 min 
at room temperature the samples were centrifuged and the supernate examined by 
electrophoresis in agar gel. It can be seen from Fig. 1 that the serum lipoproteins, 


Fig. 1. Electrophoresis in agar gel of native human serum and of serum after reaction with CTC 

and Ca+?, a, native serum; b, Human serum, freed from lipoproteins by addition of 2 vol. of 1% 

CTC and 1 vol. of 0.45 M CaCl, per 5 vol. of serum; c, as in b, with 3 vol. of 1% CTC; d, as in b, 
with 4 vol. of 1% CTC; e, as in b, with 5 vol. of 1% CTC. 


‘migrating in agar gel as «-globulins, can be removed by the addition of 2-4 vol. of 
CTC. On adding 5 vol.of CTC, part of the lipoproteins remain in the supernate in a 
denatured state without migrating from the start hole. 

Fig. 2 shows the electropherogram of lipoprotein fractions of native blood serum 
and of serum after reaction with various volumes of CTC and calcium chloride (for 
details see Fig. 2) and centrifugation of the precipitate formed. Paper electrophoresis 
was used in order to ascertain which lipoprotein fraction reacts with CTC and calcium 
chloride, and whether the lipoproteins are completely removed from the serum by 
reducing the amount of CTC and calcium salt. It can be seen from the electrophero- 
gram that the f-lipoprotein zone is entirely absent in the supernate of all CTC and 
calcium chloride concentrations examined whereas the «-lipoprotein zone is clearly 
visible. 

The minimum amount of CTC required to produce a visible reaction between the 
antibiotics and the lipoprotein was 1 mg/mlin a final concentration of 0.01 M calcium 
chloride. The precipitate formed was, however, so finely dispersed that it could not 


be removed by centrifugation at 3000 r.p.m. 
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The properties of the precipitate 


The precipitate obtained by the method described (2 vol. of 1% CTC and 0.25 
vol. of 0.45 calcium chloride per 5 vol. of serum) could not be dissolved in 5 % sodium 
chloride, even after dialyzing against 0.9% sodium chloride, nor was it soluble in an 
aqueous solution of sodium citrate. In a solution of WM barium chloride it dissolved 
partially and was completely soluble in 3 vol of M magnesium chloride. On dialyzing 
the magnesium ions against 0.9% sodium chloride reprecipitation occurred and the 
precipitate formed dissolved again after addition of magnesium chloride. 








Fig. 2. Electropherogram of lipoproteins of native serum and supernate, after removal of com- 

ponents precipitated by CTC and Cat*?. a, native human serum; b, human serum after reaction 

with 2 vol. of 1% CTC and 0.05 vol. of M CaCl, per 5 vol. of serum; c, as in b, with 1 vol. of 1% 
CTC; d, with 1 vol. of 1% CTC and 0.025 vol. of M CaCl, per 5 vol. of serum. 








Fig. 3. Electropherogram of native human serum, of the precipitate and of the supernate. a, 
native human serum; b, precipitate after reaction of 2 vol. of 1% CTC, 0.05 vol. of M CaCl, per 
5 vol. of serum; c, supernate after reaction of serum as in b. 
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A yellowish opalescent solution of lipoproteins was obtained after dialysis of the 
precipitate dissolved in M magnesium chloride against M magnesium chloride, the 
dialyzing fluid being stained yellow by the dialysed CTC. After subsequent dialysis 
against 0.9% sodium chloride no lipoprotein precipitation occurred. It was shown in 
later experiments that the lipoproteins isolated in this manner were in native state 
and that their electrophoretic mobility and antigenic specificity were unaffected. 
Fig. 3 shows an electropherogram of the lipoproteins of the native serum, of the preci- 
pitate fraction after reaction with CTC and Cat* and removal of CTC, and of the 
supernate. It can be seen that the f-lipoproteins were precipitated quantitatively by 
CTC and Cat? from the serum. Part of the «-lipoproteins was detectable both in the 
sediment and in the supernate. The immunochemical analysis of the supernate showed 
that it was entirely free from lipoproteins. The precipitated fraction still contained 
besides lipoproteins, the reaction of which with the specific antibody remained un- 
affected, a residue of the other protein fractions which could be precipitated by AHS 
(Fig. 4.). 


Serum Supernate 


Precipitate 


Fig. 4. Immunochemical analysis of native human serum, the supernate and precipitate after 
reaction of the serum with CTC and Cat?. Conditions of reactions as in Fig. 3. Test was carried 
out with AHS by the double diffusion technique of Ouchterlony. 


The purification of the precipitate 

In order to remove the proteins contaminating the product of the reaction of 
CTC with lipoproteins and Ca+® the sediment was washed repeatedly with 0.9% 
sodium chloride cooled to 5°. Fig. 5 shows to what degree the content of the serum 
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protein in the precipitate was reduced by washing. After the second washing the non- 
lipoid fractions were no longer detectable by paper electrophoresis. The «-lipoproteins 
were removed by the washing process, together with the contaminating protein frac- 


g 























Fig. 5. Influence of washing on the purity of the precipitate. a, native human serum; b, supernate 
after reaction with CTC and Cat+?; c, unwashed precipitate; d, precipitate washed once; e, pre- 
cipitate washed twice. Conditions of reaction as in Fig. 3. 


tion without the mobility of the £-lipoproteins being changed. If the sediment was 
washed seven times at laboratory temperature the character of the f-lipoprotein 























Fig. 6. Electropherogram of lipoproteins of the native human serum and the washed precipitated 
fraction. a, native human serum; b, lipoprotein fraction without washing; c, lipoprotein fraction 
washed once; d, lipoprotein fraction washed twice. Conditions of reactions as in Fig. 3. 
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fraction underwent a change and the electrophoretic mobility reached higher values 
(Fig. 6). Fig. 7 gives the results of the immunochemical analysis of the serum, the 
washed precipitate, the supernate and the first and last washing solution. The first 
washing solution still contained traces of the protein fraction with the exception of 
the f-lipoproteins, whereas the seventh washing solution was practically free from 


proteins. 


Fig. 7. Immunochemical analysis of the native human serum, the supernate and the washing 

solutions. 1, native serum; 2, 1st washing solution; 3, 7th washing solution; 4, native human 

serum; 5, supernate after reaction of serum with CTC and Cat?; 6, precipitated fraction after 

reaction as in 5. The central well contains AHS. Zone of lipoproteins marked by arrow; conditions 
of reaction as in Fig. 3. 


The results obtained showed that it was possible to precipitate the f- and part of 
the «-lipoproteins from human serum by means of CTC and Ca+?, The «-lipoproteins 
could be removed by washing the precipitate. 

The following procedure was used for the standard isolation of the f-lipoproteins: 
100 vol. of serum, 40 vol. of 1% CTC and 1 vol. of M calcium chloride were used. 
After 30 min at room temperature the mixture was centrifuged and decanted and the 
precipitate was washed once or twice—according to the purity required—in 50 vol. 
of the 0.9% sodium chloride at 5°. After centrifugation it was dissolved in about 50 
vol. of M@ magnesium chloride, and dialyzed first against M magnesium chloride and 
then after removal of CTC against 0.9% sodium chloride. A yellowish, slightly opal- 
escent solution of -lipoproteins was obtained in this way. 


DISCUSSION 


The properties of the unwashed lipoprotein precipitated from human serum by 
the procedure described differ from those of the lipoprotein precipitated with dextran 
sulphate and Ca+? as described by BURSTEIN®. 

The product of the interaction of the lipoprotein with CTC and Ca++ does not 
dissolve in 5% sodium chloride either after dialysis against sodium chloride or after 
addition of sodium citrate. This fact lends support to the assumption that the linkage 
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of Cat? in the complex CTC — lipoprotein — Ca+? is stronger than the complexing ability 
of citrate for Cat?. When the lipoproteins are isolated by the method described, 
calcium chloride cannot be replaced by magnesium chloride as in the procedure of 
BURSTEIN® 

On the contrary the complex lipoprotein - CTC — Cat? dissolves in the presence of 
Mg*? and it is possible to isolate the lipoprotein from CTC and Ca+ by dialysis against 
magnesium chloride so that no precipitation occurs following removal of Mg+*. An 
interesting fact is that part of the «-lipoproteins remains in the supernate whereas 
another part can be detected in the precipitate. It is uncertain whether this latter part 
of the lipoproteins is mechanically precipitated together with the complex lipopro- 
tein —CTC-—Ca*? or whether it has different physical and chemical properties. 

The interaction described between CTC and the lipoproteins may be of import- 
ance because it suggests that the reaction described may have a common mechanism 
with the biological activity of CTC. This is, however, scarcely likely when the relativ- 
ely high concentration necessary for the precipitation of lipoproteins are considered. 
On the other hand, this phenomenon may be the limiting manifestation of the action 
of CTC on lipoproteins, the mechanism being fundamentally the same as when low 
CTC concentrations are used in biological actions. It should be pointed out that CTC, 
in low concentrations (50 ug/ml) inhibits lipase 17 vitro* provided that Ca+* is present 
and that some cations are antagonistic to the antibacterial action of CTC’. 
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SUMMARY 


The antibiotic chlortetracycline hydrochloride and Ca+? form a precipitate in 
vitro with the lipoproteins of human serum which dissolves in magnesium chloride. 
In optimal conditions the f-lipoprotein fraction is quantitatively precipitated to- 
gether with part of the «-lipoproteins. The lipoproteins were obtained in the native 
state; their electrophoretic mobility, their diffusion in agar gel and their precipitation 
with AHS remained unaffected. The reaction may be used for the preparation of 
lipoproteins of human serum. 
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THE PRESENCE OF GLUTAMINE IN THE URINE 
OF CHILDREN UNDER ONE YEAR 


N. F. TOLKACHEVSKAYA 
Institute of Pediatrics of the USSR Medical Academy, Moscow (USSR) 


The formation of glutamine in the human organism, first postulated by FISHER, 
was proved in 1915 by THIERFELDER AND SHERWIN? and in 1941-1942 free glutamine 
was found in animal tissues by FERDMAN AND SILAKOVA?, From then on, glutamine 
has been subjected to a thorough experimental study im vitro as well as on animals. 
Glutamine is an intermediate in the processes of transamination, in the synthesis 
of puriness (e.g. guanine, xanthine and uric acid), hexoseamines, mucopolysaccharides 
(e.g. hyaluronic acid), and in the synthesis of peptides, and is therefore an active 
factor in the most important and diverse links of nitrogen metabolism. However, in 
spite of the fact that the versatile role of glutamine in the animal organism has been 
so thoroughly studied, we have as yet exceedingly little data concerning the glutamine 
content of the tissues and liquids of the human organism. Nor has the role of glutamine 
been investigated in connection with the responsive reactions of the human organism 
to different physiological and pathological influences. The experimental data tend 
to show that the content of glutamine—this transport form of ammonia® and an 
active intermediate factor in a number of important biochemical processes must change 
and must reflect the changes that take place in the mechanism of a number of 
metabolic processes in the human organism. In view of this, one cannot help wonder- 
ing why so little attention is paid to human glutamine physiology and why there is 
a total absence of observations concerning the glutamine physiology of infants, whose 
metabolic processes show, as is well known, certain age-dependent peculiarities. 

In order to further the knowledge of glutamine physiology, we have undertaken 
the following investigation. We have studied first of all the glutamine content of 
the urine of infants under one year as well as that of premature infants, the latter 
differing from full-term infants by certain pecularities in their metabolism. 

In our observation of infants we used the ontogenetical methods: in Io infants 
the glutamine content of the urine was determined on the first day of postnatal life; 
in 2 infants on the second day; then on the third, sixth or eighth day the urine of the 
same infants was again analysed for the content of urine glutamine. Besides, 20 
infants were studied ontogenetically from month to month throughout the whole 
period of the first year of life, beginning from the second or third week. 

The collection of the urine from the first week infants both prematurely and 
normally born was carried out in Maternity Home No 23, Moscow, under the super- 
vision of E. M. KRAVETs; the collection of the urine from part of the older infants 
from a group of premature children was carried out in the Section of Development and 
Bringing up of Children of the Institute of Pediatrics of the AMS, USSR under the 
supervision of L. E. PRoBATOvA; the collection of the urine from full-term infants 
of the same section was carried out under the supervision of L. G. BARANOVA. I avail 
myself of the opportunity to acknowledge here their valuable contribution to our 
work. 
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METHODS 


The presence of free glutamine (and asparagine) in the urine was first established 
by the microbiological method. Subsequently, in view of the absence of suitable 
decarboxylase, the glutamine content of the 24-hour urine was determined by hydrol- 
ysis for 10 min, with N HCl in the boiling water bath?. Preliminary tests with 
solutions of urea, uric acid and a mixture of amino acids showed that under the given 
conditions the separation of ammonia by these substances does not take place; this 
fully coincides with the data obtained by KREBS‘ and Harris’. The urine was ex- 
amined not only for glutamine but also for total nitrogen, ammonia, free amino 
nitrogen, uric acid (purines) and urea. 

The results of our observations on full-term infants of one week and one year 
are shown in Tables I and II respectively. 


2nd day 


mg/kg 
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15.0 
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Fig. 1. The content of amides in the urine of children under one year. 


























Table I shows that the urine of most infants during the first (and the second) 
day of postnatal life already contains glutamine in minor quantities, that in special 
cases its content is considerably higher (3.0 mg/kg), and that in many cases there is. 
a total absence of glutamine in the urine. The glutamine nitrogen content in the 
urine of new born infants constitutes from I to 2% of the total nitrogen content. 

A systematic ontogenetic observation of infants has shown that the lowest 
glutamine content of the urine occurs in the first two months of the infant’s life; 
glutamine is sometimes entirely absent, and this very often happens in the neonatal 
period. With increase in the infant’s age the content of glutamine in the urine gradually 
rises, while its total absence is observed less and less frequently. 

Glutamine contents fluctuate considerably during the whole first year of life 
(Fig. 1). As the child grows, not only the diurnal content of glutamine but also its 
relative (mg/kg) excretion increases. However, the ratio of glutamine nitrogen to the 
total nitrogen of the urine grows at a very slow rate; this is naturally accounted for 
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by the age-dependent increase of the urinary excretion of nitrogen so characteristic 
of a developing infant’s organism®. In older children (from 24 to 34) the glutamine 
content of the urine is also subject to sharp fluctuations not only from day to day but 
also in the course of one day. It has also been established that night samples of urine 
contain less glutamine than those collected during the day both in absolute values, 
i.e. for the whole period of the night’s sleep, and per hour (Table II). 


TABLE II 





Age Day ae Night 24-hour 
Name Velie ue euthe Amides Ammonia Amides Ammonia amides 
ae of mg mg mg mg 











68 103.8 32.9 61.2 IOI 
97-9 4-4 101.7 15-4 
119 34.7 109.8 94.2 


62.9 62.9 19 57.1 81.9 
122.4 —: 145.8 16.2 
85.7 214 35-7 128.5 121.4 
67.5 105.5 — 96 67.5 
84.3 357 “a 106.7 84.3 
74.7 320.3 26.9 110.2 101.6 
151.8 — 357 106 
59 116.9 9.5 104.7 68.5 
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Glutamine was frequently absent in the night samples of urine of 3-year old 
children observed, whereas it was rarely absent in the day samples. The urine collected 
during the day-time sleep of the same children also contained less glutamine than that 


collected during their waking hours. 

So far, we have failed to establish an obvious connection between the disappear- 
ance of glutamine from the urine and any definite external factor; nor has it been 
possible to find any regularity in the quantitative relationship between the urine 
glutamine and the ammonia excreted, although an abundant excretion of glutamine 
is usually accompanied by an abundant excretion of ammonia. 

During the first month of the infant’s life the glutamine content of its urine is 
lower than that of an adult maintained on a common mixed diet. However the absence 
of glutamine in the urine may also be observed in the adults although it happens far 
less frequently than in infants under one year. Thus we may consider it a well- 
established fact that glutamine is a normal ingredient of human urine from the very 
first days of life and that its content is subject to exceedingly sharp fluctuations. 

Our observations of adults were few but it could be concluded that the glutamine 
content of the urine of an adult is from 0 to 6.0 mg/kg, although it may frequently 
show variations. The values of the diurnal glutamine content in an adult given by 
ARCHIBALD ® amount to 11 mg of amide nitrogen per 24 h. According to STEIN’, free 
glutamine equals 100 mg per 24 h, according to Foss$, from 35 to 175 mg par 24 h, 
and according to FERDMAN, FRENKEL AND SILAKOVA?, from 150 to 250 mg of amide 
nitrogen. It is worth mentioning that ARCHIBALD himself points out that with the 
microbiological method of glutamine determination which he adopted, the inhibitory 
influence of the urine is fairly pronounced so that his values are definitely lower than 
the actual values. Our values for adults come close to those of FERDMAN AND SILA- 
KOVA (from 200 to 300 mg per 24 h). 
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The study of the urine of premature infants has also revealed the presence of 
glutamine, its level being as low as that of full-term infants during the first week of 
life; but the most striking fact was an exceedingly frequent and prolonged absence 
of glutamine in their urine. It is the usual practice with premature infants to have 
recourse to oxygen inhalation before and after feeding time; therefore it was necessary 
to establish whether the absence of glutamine in their urine was an age-dependent 
peculiarity of their metabolism or if it was caused by the inhalation of oxygen. 

A series of observations were carried out on 17 healthy newborn infants both 
full-term and premature. The observations were conducted in the following manner: 

A 24-h sample of urine was collected from each child maintained in normal 
conditions as regards its regime and diet; the same nitrogen-containing fractions were 
determined in these samples as in the investigations described above. During the next 
two, or more often three, days, the child was given 2-minute inhalation of oxygen 
before and after each feed; oxygen was admitted from an oxygen cushion and passed 
through the Bobrov apparatus to moisten it. On the second (or third) day another 
24-h sample of the urine was collected, the oxygen inhalations being continued as 
described, and the same ingredients were again determined. The oxygen inhalation 
was then discontinued and after a lapse of three days a third sample of 24-h urine 
was collected. This type of observation was carried out on 17 infants. 

As can be seen from Table III, the urine of a 5-day old infant born 1 month 
before the term (Jak. P.) contained 0.9 mg/kg glutamine; oxygen inhalation caused 
glutamine to disappear from the urine. The same influence of oxygen inhalations was 
observed on full-term infants (Bog., Zach., Kap, Kon.). Out of 15 infants observed 
at the age of 1 day to 1 month and 5 days, g showed a decrease or a total disappear- 
ance of glutamine with oxygen inhalation (Table III). In 2 infants the inhalation of 
oxygen delayed the appearence of glutamine in the urine (Table III does not contain 
these values), which should have taken place during the days following the neonatal 
period. Only in 4 infants (Orl., Reustr., Rog., Dev.) observed on the first and the 
third days of their life, did oxygen inhalation fail to affect the glutamine content of 
the urine (Table III does nor contain these values). 

With older children the disappearance of glutamine from the urine under the 
influence of oxygen inhalation was not usually observed. It is interesting to note that 
at the age of 21 tot 23 days, the infant Ger. (Table III) showed a decrease of glutamine 
content from 2.7 mg/kg to 2.0 mg/kg with oxygen inhalation, while during the second 
observation repeated at the age of 2 months and 11 days and 2 months and 14 days 
the inhalation of oxygen was accompanied by a considerable increase of glutamine 
content. 3 

The above test clearly shows that a stable and prolonged absence of glutamine 
in the urine of premature infants must have been conditioned by the systematic 
oxygen inhalation practised on a large scale in the nursing of such infants. However, 
as has already been stated, glutamine is often absent in the urine of premature as 
well as full-term newborn infants even without oxygen inhalation (see Fig. 1, 0 line). 

The younger the children, the more pronounced is the influence of oxygen inhala- 
tion ; in children of 2 to 3 months oxygen inhalation usually failed to bring about the 
disappearance of glutamine. This change became especially noticeable a little after 
the first 3 days of life; the phenomenon was most distinctly pronounced at the age of 


5 to 12 days. 
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Another series of observations was carried out on infants that in compliance with 
clinical evidence (natal trauma in case of twins), were given besides oxygen, glutamic 
acid per os (one teaspoonful of 1% solution 3 times a day). In the course of the 
observations the days of simultaneous glutamic acid administration and oxygen 
inhalation were alternated with days of oxygen inhalation without the administration 
of glutamic acid. Under such conditions the content of the urine glutamine never 
decreased to zero, although there was a marked decrease (Sol. I, Sol. II-Table ITI). 
on the days of oxygen inhalation without the administration of glutamic acid. 

With regard to the influence of oxygen inhalations on the glutamine content of 
the urine in the earliest period of the infant’s life, we must also mention a phenomenon 
which was observed in all the cases when the oxygen inhalation was accompanied by 
a total absence of glutamine in the urine although not in all cases of oxygen inhalation. 
This phenomenon consisted of a sharp increase of the uric acid content in the urine 
on those days when oxygen inhalation caused glutamine completely to disappear 
from the urine. For instance, in the case of the infant Jak. P. (Table III) the disap- 
pearance of glutamine was accompanied by a sharp increase in the uric acid level 
(or to be more precise in the purines) from 10.3 mg/kg to 46.6 mg/kg. After oxygen 
inhalations were stopped the urine analysis again began to show glutamine; at the 
same time the level of uric acid decreased from 46.6 mg/kg to 13.7 mg/kg. When this 
child was inhaling oxygen, the total nitrogen content of his urine somewhat increased, 
and there alsc were certain changes in the distribution of some nitrogen fractions, 
namely, the ammonia level increased a little and the amino nitrogen also increased 
but to a much smaller extent. The same phenomenon was observed in the child 
Jak. Z. (a twin). When his urine was analysed on the 5th day of his life there were 
found 1.0 mg/kg of amides, and 9.9 mg/kg of uric acid; after 3 days of oxygen inhala- 
tion glutamine disappeared entirely from the urine while the uric acid content in- 
creased to 12.2 mg/kg. 

A similar influence of oxygen inhalations on the level of uric acid was observed 
in other infants. For instance, with the child Kon. (Table III), on the day of the 
disappearance of glutamine from the urine the content of uric acid increased from 
7 mg/kg to 14.6 mg/kg; in infant Bog. from 13 mg/kg to 46 mg/kg; in infant Zakh. 
from 9 mg/kg to 17.1 mg/kg. With the child Ger. the first investigation showed a 
sharp increase in uric acid (from 27 to 40 mg/kg) accompanied by a decrease of gluta- 
mine (from 2.7 to 2.0 mg/kg) under the influence of oxygen inhalations; in the second 
observation carried out within the period from 2 months and 11 days to 2 months 
and 14 days no similar changes were observed on the day of oxygen inhalation; 
the quantity of uric acid increased along with the increase of glutamine content. In 
the case of child Mak. this phenomenon was not observed, although the glutamine 
content of the urine was influenced by the inhalation of oxygen. 

Thus the interdependent behaviour of glutamine and uric acid was observed in 
many but not all cases. In the earliest stages of the infant’s development the pheno- 
menon was present frequently, but it was not generally observed in older children 
(from 1% to 24). It was seldom observed during the first 2 or 3 days of the infant’s 
life, 7.e. on the days of the clinical manifestation of the uric acid infarct of the new- 
born infants. 

It is worth mentioning that the inhalations of oxygen did not exercise any regular 
influence on other nitrogen fractions of the urine. In most cases, on the days of 
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oxygen inhalation the quantity of total nitrogen did not differ from that of other 
days; we observed only a negligible decrease in the contents of urea, amino-nitrogen 
and ammonia in different combinations and quantitative relations (Table III). The 
quantity of the urine was not affected by oxygen inhalation. 

In the third series of observations involving the administration of glutamic 
acid per os at the same time as the oxygen inhalation, the latter was found to produce 
the same effect as in the absence of glutamic acid. Thus with infants Sol. I and Sol. II, 
glutamine was not entirely absent, when they were given oxygen but no glutamic acid, 
but its amount was then at a minimum whereas the amount of uric acid increased. 

Some interesting, though as yet not numerous data have been obtained in our 
laboratory by M. M. Attmova, who has shown that in a number of cases when the 
glutamine disappears and the uric acid increases, the content of free glycocoll in the 
urine decreases to a smaller or greater extent. Thus during the first observation a 
decrease in glycocoll was observed in infant Ger. from 4.2 to 3.4 mg/kg, in infant Kon. 
from 4.06 to 2.8 mg/kg, in Kap. from 4.6 to 2.0 mg/kg. However there were also less 
frequent cases when the glycocoll content increased (Jak. P and Jak. Z) and some 
cases when no influence was observed (Zakh., Bog.). No decrease in glycocoll content 
in the urine was observed when oxygen and glutamic acid were administered simul- 
taneously, nor during the first days of the infants’ life. 

Thus, the age-dependent peculiarities of the glutamine content of urine in infants 
under one year have been established and it has been shown that the content is subject 
to considerable fluctations. It is connected with the infant’s state (whether it is asleep 
or awake), it depends upon the supply of oxygen in the organism and it is inversely 
proportional to the content of uric acid in the urine. 


DISCUSSION 


It is necessary to compare the first series of observations concerning the physiol- 
ogy of glutamine excretion in the process of the child’s ontogenesis with our earlier 
data on the nitrogen-containing fractions of the urine of an infant under one year. 
In my earlier work® it was shown that the distribution of the nitrogen-containing 
fractions of the urine in an infant under one year changes with the infant’s age and 
differs from that of an adult. It has become evident that the first 3 months of life are 
characterized by the lowest content of urea and the highest content of uric acid 
(Figs. 2 and 3). Infants of 3 to 6 months show a noticeable increase in urea and some 
decrease in uric acid content. From the second quarter of the first year of life the 
quantity of urea reaches the norm of an adult (per kg of weight). The amount of uric 
acid in children under and even past one year is higher than that of an adult (per kg 
of weight). During the first days of life the quantity of ammonia in the infant’s urine 
is not large, but later it increases considerably, continues high during the first 9 
months of the child’s life and falls almost to the level of an adult only in the fourth 
quarter of the first year of life. The sharp difference in the character of the excretion 
of urea and uric acid is readily seer; even during the first month of the infant’s life 
when the values of all the fractions are the least stable, the values of the urea excretion 
vary within narrower limits than those of the uric acid. The quantitative excretion 
of glutamine is similar to that of urea (the values are lowest during the first 2 months 
and then increase), but glutamine behaves more like uric acid than urea; the values 
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are dispersed as widely as, or even more than, those of uric acid. It is possible that the 
great dispersion of the values of these two substances is a manifestation of some very 
‘susceptible responsive mechanism characteristic of an infant’s organism in the earliest 
stages of its development. Evidently, the younger the child, the more vivid are the 
manifestations of this mechanism involving the two substances participating in it: 
uric acid and glutamine. The existence of such a functional regulatory connection 
between glutamine and uric acid appears extremely feasible in the light of work on 
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Fig. 2. The content of urea nitrogen in the urine of infants under one year. I from o to 3, II from 
3 to 6, III from 6 to 9, IV from 9g to 12 months. a—b range for urea content by adult. 


the pathway of the formation of uric acid in the animal organism. As early as 1943, 
BARNES AND SCHOENHEIMER® showed that in the organisms of pigeons and rats uric 
acid is formed synthetically from ammonia apparently through a purines stage. 

ORSTROM?° and KriTsky" have shown that glutamine and glycocoll are normal 
precursors in uric acid synthesis. OrsTROM found that the blood of patients suffering 
from gout shows an increased content of uric acid and its precursors (oxypurines) 
and a glutamine content considerably lower than the normal; he assumed that uric 
acid synthesis proceeded from glutamine through a series of as yet hypothetical 
purine drivatives. 

In our opinion the observations described in the first part of this paper testify 
to the existence of a close relationship between uric acid metabolism and that of 
glutamine; this relationship is still more clearly shown by the observations in con- 
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nection with the inhalation of oxygen. The contrary effects exercised by oxygen in- 
halation on the excretion of glutamine (and glycocoll) on one hand and of uric acid on 
the other cannot be regarded as a coincidence. The regular character of this pheno- 
menon is corroborated by the following considerations. 1) It might be supposed on 
the basis of old statements that oxygen inhalation intensifies the decomposition of 
haemoglobin, and this might have been a source of an energetic formation of uric 
acid. But this supposition may be readily proved invalid by the values contained in 
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Fig. 3. The content of uric acid in the urine of infants under one year. 
a—b range for uric acid content by adult. 


Table III, which clearly show that the decomposition of haemoglobin under the 
influence of oxygen inhalation did not take place, whereas the quantity of uric acid 
sharply increased with a concomitant decrease or disappearance of glutamine (and 
glycocoll). After the inhalation of oxygen was stopped, the glutamine content again 
reached its original level. 2) As is well known, in the neonatal period 100% of infants 
show the so-called “‘uric acid infarct of the newborn’’, which we also observed in a 
greater or smaller degree in the infants studied. It is just at this time that the gluta- 
mine content of an infant’s urine is at its lowest and sometimes reaches zero. 

It may be safely assumed that an abundant uric acid excretion is connected with 
the disappearance of glutamine and is not brought about under conditions of better 
aeration by a more intensive washing away of the previously formed uric acid. This 
is corroborated by the fact that on the days of oxygen inhalation no quantitative 
increase in the urine was observed, and that when glutamine did not disappear com- 
pletely, there was never a considerable change in the uric acid excretion. 

Thus our studies on the ontogenesis of the urinary excretion of uric acid®, gluta- 
mine and urea in infants under I year, as well as the behaviour of these substances 
under the influence of oxygen inhalation, allow us to suppose that the mechanism 
of the removal of ammonia from the infant’s organism may readily shift from the 
new and still imperfect ureothelytic pathway, to the old and evidently more acces- 
sible uricothelytic pathway. 
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In view of the fact that in older infants (3 months) oxygen inhalation did not 
have a similar effect on the values of the separate nitrogen ingredients of the urine, 
it may be supposed that in the process of the infant’s ontogenesis the uricothelytic 
pathway of ammonia neutralization is gradually supplanted by the ureothelytic 
pathway. In fact, it has already been established® that at about the beginning of the 
second quarter of the infant’s life the quantity of urea increases, while that of uric 
acid slightly decreases, and that of glutamine increases. 

The above considerations support the supposition that the “uric acid infarct of 
the newborn”’ is in fact the manifestation of the utilization by the infant’s organism 
of the uricothelytic pathway of metabolism. It is well-known that the “uric acid 
infarct”’ is sometimes observed in stillborn infants and is always observed in premature 
and fullterm infants, 7.¢e. in the infants that have been breathing. (Originally VIRCHOV 
regarded the “‘uric acid infarct of the newborn”’ as an indication that the infant had 
been born alive, but he later renounced this notion after finding the phenomenon in 
the foetus.) Presumably under the conditions of intrauterine existence when blood 
aeration is at its lowest and the urea synthesis functions of the foetal liver is insuf- 
ficiently developed, the neutralization of ammonia is effected mostly by the pathway 
of uric acid formation. But this does not explain why during the first 2 or 3 days of 
extrauterine existence the same uricothelytic pathway is so energetically utilized by 
the infant’s organism. The following explanation seems plausible. During the lying-in 
time a considerable quantity of ammonia should accumulate in the organism of 
mother and child! and in order to get rid of it as soon as possible, the newborn 
infant’s organism must utilize all possible means of neutralization. The transition to 
pulmonary respiration with an increase of oxygen absorption enables the newborn 
infant’s organism to utilize more energetically the philogenetically old pathway of 
neutralization and ammonia is excreted in the form of uric acid (whose synthesis 
involves the absorption of O,). In this case uric acid may well be synthesized according 
to the reaction, glutamic acid—glutamine—oxypurine-uric acid. 

This role of glutamic acid is corroborated by the observation that the adminis- 
tration of glutamic acid and oxygen together invariably led to an increased excretion 
of uric acid. 

These theories concerning the origin of the “uric acid infarct of the newborn” 
are of an extremely hypothetical character. We nevertheless think that the present 
work supplements our former observations on this problem. It gives greater strength 
to the belief that the old notions of the origin of the “uric acid infarct of the newborn”’ 
which connected it with strenuous cellular disintegration (and haemoglobin disinte- 
gration) and which were devoid of experimental foundation, can be considered obsolete. 

In the human organism the neutralization of ammonia by the pathway of gluta- 
mine formation is evidently a subtle regulatory mechanism. This is substantiated by 
the fact that during sleep, when the oxygen supply of the tissues is improved, the 
quantity of glutamine in the urine decreases. The fate of the ammonia contained in 
glutamine depends on circumstances; it may be excreted as ammonia salts or utilized 
in some other synthetic functions of the organism. 

The above suggestions are not the only possible explanation of the phenomenon 
observed. But we would point out that the disappearance of glutamine from the brain 
tissue under the conditions of a high partial pressure of oxygen was observed by 
GERSHANOVITCH, BRONOVITSKAYA AND KRITCHEVSKAYA!*, Unfortunately, these in- 
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vestigators did not describe the influence of the disappearance of glutamine on other 
nitrogen-containing fractions of the brain tissues. In this case, the disappearance of 
glutamine was also connected with an intense elimination of ammonia. However it is 
possible that in conditions of better aeration, glutamine is utilized to a greater extent 
‘in the processes of protein synthesis. The solution of this problem awaits further 


investigation. 


CONCLUSIONS 


1. Glutamine is present in the infant’s urine from the first day of life. 

2. The glutamine content in the urine is subject to sharp fluctuations. 

3. The formation of glutamine as an intermediate substance is a subtle regu- 
latory mechanism in the process of ammonia elimination. 

4. At the earliest stages of the infant’s life the excretion of ammonia from the 
organism appears to be effected to a considerable extent by the uricothelytic pathway 


through glutamine. 


SUMMARY 


The content of glutamine in the urine of newborn infants, of premature infants 
and ontogenetically of children under one year has been studied. The presence of 
glutamine in the urine of infants from the first day of life has been established; 
its content fluctuates sharply and is often zero in the case of the youngest. The 
influence of sleeping and waking on the glutamine content in children of 2 to 3 has 
been studied. The influence of inhaling oxygen on the glutamine content of the urine 
has been observed. The possible connection between the changes in glutamine content 


and the peculiarities of ammonia neutralization in the infant’s organism is discussed. 
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DIE KOMPLEXOMETRISCHE BESTIMMUNG DES NATRIUMS 
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dey Universitat, Graz (Osterreich) 


Die Vorteile, welche die Komplexometrie bietet, brachten es mit sich, dass diese 
Titrationsmethode schon weitgehend in das klinisch-chemische Laboratorium Ein- 
gang gefunden hat. Mit Hilfe der 0.oor M Lésung von Athylendiamintetraacetat 
(EDTA), die trotz der grossen Verdiinnung vollkommen stabil ist, kann man nicht 
nur die zweiwertigen Kationen Calcium und Magnesium, sondern auch das Kalium 
und das Phosphat bestimmen. Es lag nun der Gedanke nahe, auch fiir die Bestim- 
mung des Natriums eine komplexometrische Methode zu entwickeln, wodurch man 
in die Lage versetzt ware, mit einer Masslosung alle wichtigen Kationen und das 
Phosphat-Ion zu bestimmen. 

Dass man das Natrium nach Fallung als Zink-Uranylacetat (Zn-U-ac) und 
komplexometrische Titration des Zinks im Niederschlag erfassen kann, wurde bereits 
1952 gezeigt.1 Wahrend man jedoch eine reine Zinklosung mit einer 0.001 M EDTA- 
Losung gegen den Indikator Eriochromschwarz T auf einen Tropfen genau titrieren 
kann, lasst die Erkennung des Endpunktes bei Anwesenheit von Uranyl, auch wenn 
man Karbonat zusetzt, zu wiinschen tibrig. Der Umschlag ist dennoch schleppend. 

Diese Schwierigkeit konnte durch Anwendung von Dithizon als Indikator voll- 
standig behoben werden.? Das Uranyl stort dabei gar nicht. Die Titration erfolgt in 
schwach essigsaurem 50%igem Alkohol. Der Endpunt ist durch Anderung der Farbe 
von Rot nach Griinlich-gelb auf einen Tropfen genau zu erkennen. 

Zur Gewinnung des Niederschlages von Na-Zn-U-ac wurde die Filtration dem 
Zentrifugieren vorgezogen und zwar auf Grund von Erfahrungen, die bei der Be- 
stimmung des Kaliums*® gemacht wurden. Man arbeitet auf diese Art nicht nur viel 
rascher, sondern vermeidet auch weitgehend die Fehler, die sich durch ungentigendes 


Waschen oder Verlust von Niederschlag ergeben. 


METHODE 


Reagenzien 


Trichloressigsdure 20%1g: Man lost 20 g Trichloressigsdure in 80 ml Wasser. 
Fadllungsmittel: nach A. P. WEINBACH* ® 
Lésung A: Man lost in der Hitze 77 g Uranylacetat und 14 ml Eisessig auf 500 ml 


in Wasser. 
Lésung B: 231 g Zinkacetat und 7 ml Eisessig werden ad 500 ml in Wasser in der 


Hitze gelost. 





* Farmaceutski Fakultet, Beograd, Deligradska 35. 
** Institute of Technology, Atlanta, Georgia, U.S.A. 
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Die beiden Lésungen werden noch heiss gemischt, 24 Stunden bei Zimmertempe- 
ratuist hen gelassen und vom eventuell entstandenen Niederschlag abfiltriert. 

Waschfliissigkeit: Mit Na-Zn-U-ac gesattigtes Athanol. Man bereitet sich einen 
Niederschlag von Na-Zn-U-ac, indem man etwa 100 mg Natriumchlorid in még- 
lichst wenig Wasser lést und mit dem mindestens zehnfachen Volumen an FaAllungs- 
mittel versetzt. Der entstandene Niederschlag wird abgenutscht, zweimal mit je 
etwa 5 ml Wasser und dann mindestens fiinfmal mit je etwa 5 ml Athanol gewaschen. 
Das so gewonnene Na-Zn-U-ac wird in Alkohol gegeben und 3 Stunde geschiittelt. 
Man filtriert vom Niederschlag ab und bewahrt diese Lésung gut verschlossen auf. 
Wenn die Lésung tatsiachlich gesattigt ist, so verbraucht man bei der Titration von 
2 ml in der unten beschriebenen Art etwa 0.4 ml Masslésung. 

An Stelle des mit Na-Zn-U-ac gesattigten Athanols kann man auch einen mit 
Na-Zn-U-ac gesdttigten Eisessig bentitzen. (Fiir 1 ml dieses Eisessigs verbraucht 
man etwa 0.8 ml Masslésung.) 

Pufferlésung: 100 ml Eisessig und 50 g Natriumacetat lést man ad 1 1 in Wasser. 

Athanol 96 %ig. 

Masslésung: Eine 0.001 M Lésung von EDTA bereitet man sich, indem man 
372.5 mg Dinatrium-athylendiamintetraacetatdihydrat zu 1 1 in reinstem destil- 
liertem Wasser lést. Die Lésung ist unbegrenzt haltbar, wenn man sie in Gefassen auf- 
bewahrt, die keine Metallionen abgeben (z.B. in Gefassen aus Kunststoff). 

Indtkator: Eine moglichst konzentrierte Lésung von Dithizon in Tetrachlor- 


kohlenstoff. 


Durchfiihrung der Bestimmung 


In ein Zentrifugenglas pipettiert man 0.6 ml 20%iger Trichloressigsdure und 
0.2 ml Serum, riihrt um, lasst einige Minuten stehen und zentrifugiert. 0.2 ml des 
klaren Zentrifugates pipettiert man in ein verschliessbares, etwa 25 ml fassendes 
Gefass und gibt dazu sehr vorsichtig 2 ml Fallungsreagens. Es muss peinlichst darauf 
geachtet werden, dass beim Einpipettieren nichts an die Wand des Gefasses gelangt. 
Nach vorsichtigem und schwachem Umschwenken verschliesst man das Gefass und 
lasst einige Stunden stehen, am besten iiber Nacht. Mit einem Filterstabchen B 2*, 
das mit Hilfe eines Glasrohres an den Schlauch der Wasserstrahlpumpe angeschlossen 
ist, saugt man den Niederschlag ab. Unmittelbar nach dem Absaugen des letzten 
Tropfens gibt man 3 ml Waschfliissigkeit in das Glas, ohne das Stabchen daraus zu 
entfernen, und schwenkt unter Saugen rasch um, damit auch die Wand des Gefasses 
abgewaschen wird. Besonders vorteilhaft ist es, die Waschfliissigkeit entlang der 
Gefasswand einfliessen zu lassen. Das Waschen wird in der gleichen Art noch zweimal 
wiederholt. Man vermeide es, den Niederschlag trocken werden zu lassen, bevor er 
gewaschen ist, da das Stabchen eventuell verstopft wird. 

Nach dem Waschen nimmt man das Stabchen ab, belasst es jedoch im Gefass. 
Nun gibt man etwa 5 ml Wasser hinein, erhitzt bis fast zum Sieden, nimmt das 
Stabchen heraus und wiascht es mit einigen ml Wasser ab. Die so gewonnene Losung 
(etwa 10 ml) wird mit etwa 10 ml Wasser und etwa 30 ml Athanol quantitativ in ein 
Kélbchen gespiilt, in das man schon vorher einige Tropfen Indikator, 3-5 ml Athanol 
und 1 ml Pufferldsung gegeben hat. Man titriert, bis die Farbe von Rot auf (griinlich) 





* Zu beziehen bei Paul Haack, Wien IX, Garnisongasse 3. 
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Gelb umschlagt. Der Umschlag erfolgt ziemlich plétzlich, weswegen nicht zu rasch 
titriert werden soll. 


Berechnung 


Vom Verbrauch zieht man den Blindwert ab. 
Verbrauch in ml x 20 = Milliaquivalent Natrium pro Liter Serum 
Verbrauch in ml x 46 = mg®&% Natrium 


BEMERKUNGEN 


Auch wenn der Niederschlag auf eine andere Weise gewonnen wird, z.B. aus 
alkoholischer Lésung oder unter Verwendung anderer Volumina,‘ kann die Titration 
komplexometrisch erfolgen. Das hier beschriebene Verfahren ist nach unserer Er- 
fahrung das rascheste und liefert dennoch genaue Werte. 

Es kann nicht nachdriicklich genug darauf hingewiesen werden, dass man ein 
Verschmieren oder Verspritzen des Fallungsmittels auf die Gefasswand unbedingt 
vermeiden muss. Es wiirde dort eintrocknen, das eingetrocknete Uranylacetat lést 
sich in Athanol nur sehr langsam, so dass es nicht vollstandig weggewaschen wird 
und hohe Uberwerte verursacht. Sehr vorteilhaft ist es, wenn man die Gefasse, in 
denen die Fallung durchgefiihrt wird, innen mit einer atherischen Lésung von Silikon 
behandelt oder auf eine andere Art wasserabstossend macht. Noch besser sind nicht 
benetzbare, durchsichtige Kunststoffgefasse. Wir verwenden Gefiasse, die die Form 
eines kurzen (10 cm), breiten (Durchmesser 3—5 cm) Reagensglases haben. 

Obwohl der Niederschlag von Na-Zn-U-ac schon nach weniger als einer Stunde 
quantitativ fallt, empfiehlt es sich, den Niederschlag, wenn die Umstande es gestatten, 
erst 12 Stunden nach Ansetzen der Probe abzufiltrieren, damit die Kristalle wachsen 
konnen. Die Filtration und das Waschen erfolgen dann viel rascher und die Stabchen 
werden nicht so leicht verstopft. 

Die Filtration und das Waschen mit einem einwandfreien Stabchen dauern 
kaum 3 Minuten. Zwecks Reinigung setzt man das Stabchen mit der Filterflache nach 
unten in ein Reagensglas und kocht mit einigen ml conc. Salperterséure kurz auf. 
Nach dem Abgiessen der Salpetersdure spiilt man es mit reichlich Wasser ab, saugt 
etwas Wasser durch und kann es sofort fiir die nachste Bestimmung verwenden. 
Nicht alle Stabchen filtrieren gleich rasch. Oft lasst es sich auch durch Kochen in 
Salpetersdéure nicht mehr so weit reinigen, dass es rasch filtriert. Solche Stabchen 
soll man verwerfen. 

Den Indikator mischt man mit Alkohol noch vor dem Zusatz der wAsserigen 
Loésung, weil sich Tetrachlorkohlenstoff mit 50%igem Alkohol nur sehr schwer mischt. 

Der Blindwert betragt bei richtiger Arbeitsweise maximal 0.2 ml Masslésung. 
Dieser Blindwert wird nicht bei jeder Bestimmung mitgemacht. Es geniigt, wenn 
man im Beginn nach Einfihrung der Methode einige Blindwerte macht und das 
Mittel der gefundenen Werte von nun ab als Blindwert betrachtet. Man geht dabei, 
wie folgt vor: Wie bei der Bestimmung pipettiert man 2 ml Fallungsmittel in ein 
Gefass, lasst es verschlossen tiber Nacht stehen und behandelt diesen Blindwert am 
nachsten Tag so wie die Probe. Es wird zwar kein Niederschlag vorhanden sein, den- 
noch wird eine geringe Menge an Zink auch nach dem Waschen verbleiben. Ver- 
braucht man mehr als 0.2 ml Massldsung, so liegt ein Fehler in der Arbeitsweise vor. 
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ZUSAMMENFASSUNG 


Aus dem mit Trichloressigsaure enteiweissten Blutserum (0.2 ml) fallt man das 
Natrium als Zink-Uranylacetat, filtriert den Niederschlag mit einem Filterstabchen 
ab, wascht ihn mit Alkohol und titriert nach Auflésen des Niederschlages das darin 
enthaltene Zink mit einer 0.oor M Lésung von Athylendiamintetraacetat gegen 


Dithizon als Indikator. 


SUMMARY 
COMPLEXOMETRIC DETERMINATION OF SODIUM IN BLOOD SERUM 


Sodium is precipitated from trichloroacetic acid—deproteinized blood serum 
(0.2 ml) as sodium zinc uranyl acetate. The precipitate is filtered with the aid of a 
small filter-stick and washed with alcohol. After dissolving the precipitate, the zinc 
is titrated with a 0.001 M solution of EDTA, using dithizone as indicator. 
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NEURAMINIC ACID AND ITS RELATION TO CHRONIC BRONCHITIS 


III. CARBOHYDRATE CONSTITUENTS OF SPUTUM* 
M. Z. ATASSI, S. A. BARKER anv M. STACEY 


Chemistry Department, The University, Edgbaston, Birmingham (Great Britain) 


The purpose of the present investigation was to isolate and identify the carbo- 
hydrates liberated by acid hydrolysis of dialysed chronic bronchitis sputum and to 
determine which of these was present in the mucoprotein fraction. The major carbo- 
hydrate-containing macromolecules in sputum are known to be mucoproteins’, ribo- 
and deoxyribonucleic acid and, in some cases, blood-group substances?. In addition, 
the various bacterial species* inhabiting the sputum might also be expected to con- 
tribute some of their capsular polysaccharides towards the carbohydrates. 

Previous studies by ANZAI, BARKER AND STACEY‘ had indicated that among the 
sugars expected to be liberated would be N-acetyl-neuraminic acid, galactose, fucose 
and hexosamines. It was therefore decided to adopt a two-stage hydrolysis of the 
sputum so that in the initial delicate acidic hydrolysis all the nonosaminic acids would 
be liberated and not destroyed under the conditions adopted for the second stage 
designed to liberate principally hexoses and hexosamines. The sugars, etc. liberated 
in the initial delicate acid hydrolysis, under conditions comparable to those adopted 
by SVENNERHOLM®, were recovered by dialysis. Nonosaminic acid determination ® 
revealed that 95 % of the nonosaminic acid was released in this procedure. The liberated 
carbohydrates were fractionated on columns of Dowex-50 (H+ form) and Dowex-1 
(acetate form). Neutral sugars passed unabsorbed through these columns while the 
nonosaminic acids were absorbed on the Dowex-1 column from which they were eluted 
with 0.3 N formic acid. 

Paper chromatographic analysis of the nonosaminic acid fraction, using orcinol— 
trichloroacetic acid as the spray reagent’, revealed the presence of four components. 
Three of these had the mobilities of N-acetyl-neuraminic acid, N-glycolyl-neuraminic 
acid and N,O-diacetyl-neuraminic acid. Fractional crystallization of this mixture 
from methanol-ether—water yielded crystalline N-acetyl-neuraminic acid in 30% 
yield calculated on the starting material. The N-acetyl-neuraminic acid was charac- 
terised by its infra-red spectrum, X-ray diffraction pattern and its decomposition 
point. 

The neutral sugar fraction obtained above had [«]}) — 28° in water in agreement 
with the finding that it was a mixture of ribose ([a]p — 44°), 2-deoxyribose ([«]p — 23°) 
and fructose ([«]p — 88°) together with small amounts of galactose. The presence of 
fructose was somewhat unexpected but it probably arose from a levan such as that 
elaborated by Streptococcus salivarius the predominating non-hemolytic streptococcus 
found in the human throat*. Bacteriological examination of the original sputum 
carried out by CHELTON ® revealed the presence of a streptococcus similar to Strepto- 
coccus viridans. 





* Part II, Clin. Chim. Acta, 4 (1959) 741. 
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In the second stage hydrolysis, the nonosaminic acid-free sputum was hydrolysed 
with 3 N H,SO, at 100° for 4 h. Dowex-50 (H+) absorbed the hexosamines liberated 
but not the hexoses or amino acids. Hexoses were then separated from amino acids on 
‘Zeo-Karb’ 215 (H+) which has the capacity for adsorbing the latter quantitatively. 
The purified hexose fraction was found to contain galactose, mannose and fucose in 
similar amounts. 

The hexosamine recovered from the Dowex-50 column was crystallized (yield 
39% by weight of total amount present in starting material). It gave the typical 
hexosamine absorption curve with the Elson-Morgan reagents and a single peak 
(Reiucosamine = 1.00) by GARDELL’s® resin chromatographic technique. Its specific 
rotation, [x], + 71.5° in water, agreed with that of D-glucosamine hydrochloride 
(aly + 72.5° equil.)?°. 

Since this work was completed BROGAN" has reported the isolation of two muco- 
polysaccharide fractions and a mucoprotein from pooled acetone-dried chronic bron- 
chitis sputum of the mucoid type. Paper chromatographic investigation of the poly- 
saccharide moieties of the mucopolysaccharide fractions indicated that these were 
composed of N-acetyl-glucosamine, N-acetyl-galactosamine, galactose and fucose; the 
mucoprotein contained mannose in addition to these sugars. In his investigation 
BROGAN" did not report the discovery of either fructose or any of the neuraminic 
acids. ; 

Finally we have isolated by isoelectric precipitation, a mucoprotein fraction 
from chronic bronchitis sputum which appeared relatively homogeneous on electro- 
phoresis although the asymmetric nature of the single peak observed indicated that 
it might be composed of two closely related mucoproteins. Unlike the sputum muco- 
protein fraction of BROGAN" which showed maximum ultraviolet absorption at 
259 mu, our mucoprotein fraction showed A max at 275 mu. The remaining properties 
are as follows: 

Our mucoprotein fraction contained N, 8.3%; nonosaminic acid, 5.4% ; hexoses 
(galactose, mannose, fucose), 13.4%; glucosamine, 12.8%; galactosamine, 2.0% to- 
gether with glutamic acid, alanine, arginine, serine, glycine, valine, aspartic acid, 
threonine, tyrosine, proline, phenylalanine, leucine, isoleucine, traces of lysine and 
probably a-aminobutyric acid. 

BROGAN’s"™ mucoprotein contained N, 8.7%; total reducing sugars (including 
mannose, galactose and fucose), 26.3 % ; aminosugars (glucosamine and galactosamine), 
14.3% together with amino acids and possibly nucleic acids (P, 0.75%). 


EXPERIMENTAL 


Nonosaminic acid determination throughout was carried out by the method of 
SVENNERHOLM *. 


Weak acidic hydrolysis of chronic bronchitis sputum (from E.K.) 


The freeze-dried non-dialysable fraction (6 g, containing 1.46% nonosaminic acid) 
from sputum (500 ml) was suspended in water (200 ml) and dialysed at 0° for 5 days 
against frequent changes of 0.01 N H,SQ,. The acid concentration of the dialysed 
sputum suspension was then adjusted to 0.05 N with sulphuric acid and the mixture 
heated at 80° for 90 min. The nonosaminic acids and other small carbohydrates 
liberated were recovered by dialysis, and the sulphuric acid removed by neutralisation 
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with washed barium carbonate. The residual non-dialysable hydrolysed sputum con- 
tained only 0.068% nonosaminic acid. 


Fractionation of the liberated carbohydrates 


Dowex-50 X 8, 100-200 mesh (H+ form) was boiled with 2 N NaOH, the resin 
allowed to settle for 10 min, the alkali decanted off and the procedure repeated. The 
resin was then washed several times with distilled water, 2 N HCl and then water 
until the washings were neutral. A resin column (1. 160 mm, d. 12 mm) was then pre- 
pared. 

Dowex-I X 8, 50-100 mesh, was boiled with 2 N HCl. After removal of fines the 
resin was washed with water and a column (l. 160 mm; d. 12 mm) prepared. This was. 
converted into the acetate form by washing with 2 N sodium acetate (adjusted to 
PH 7.0) until the effluent was free from chloride and then with water (4 1). 

The mixture, (0.706 g) containing nonosaminic acids in water (5 ml) was passed 
first down the column of Dowex-5o and thereafter through the Dowex-1. After wash- 
ing the columns with water (2 1) to elute neutral sugars (0.438 g), the nonosaminic 
acids were eluted (10 ml fractions) from the Dowex-1 column with 0.3 N formic acid. 
The fractions (13-21) containing the nonosaminic acids were evaporated 1m vacuo to 
small volume, water (ca. 150 ml) added and the procedure repeated until the solution 
was neutral. Thesolution was then freeze-dried to give a product (0.102 g) containing 
78% nonosaminic acids. Paper chromatographic analysis of this product in -butanol — 
pyridine—water (3:2:1-5) and ”-butanol—acetic acid—water (4:1:5) showed that it was. 
free from neutral! sugars and indicated the presence of four nonosaminic acids. The 
major component had an Rr value identical with that of N-acetyl-neuraminic acid. 
Next in amount was N-glycolyl and then N,O-diacetyl-neuraminic acid. The fourth 
component (unidentified) had an Rr value (in n-butanol—pyridine—water) of 0.08. 


Crystallization and characterization of N-acetyl-neuraminic acid 


The nonosaminic acid mixture (0.102 g) was dissolved in water (0.5 ml) ond 
methanol (2.5 ml) added. The solution was warmed to 40° and diethyl ether (25 ml) 
added to yield a white precipitate. The suspension was filtered very slowly and more 
ether (5 ml) added to the filtrate which was left at room temperature for about 3 h, 
after which (crystal formation had already commenced) it was left at 0°. Diethyl ether— 
methanol (4:1 v/v) was added in small portions during several days. The crystalline 
nonosaminic acid (26 mg) was characterised as N-acetyl-neuraminic acid in the fol- 
lowing manner. Its decomposition point was 185-—187° and this was unchanged on ad- 
mixture with authentic N-acetyl-neuraminic acid. Both its infra-red spectrum over 
the range 700-3500 cm~-! and its X-ray powder-diffraction pattern (copper K-radia- 
tion) were identical with those of N-acetyl-neuraminic acid. Its paper chromato- 
graphic behaviour was also identical in several solvents with that of N-acetyl-neura- 
minic acid. 


Examination of the liberated neutral sugars 

The mixture of neutral sugars obtained above had [«]}} — 27.9° (c, 2.2 in water). 
When separated by paper chromatography in butanol—ethanol—water—-ammonia 
(4:1:4.9:0.1) and sprayed with alkaline silver nitrate’? the main components had Rr 
values identical with those of 2-deoxyribose, ribose and fructose. Traces of galactose 


References p. &27 








826 M. Z. ATASSI, S. A. BARKER, M. STACEY VOL. 4 (1959) 


were also present. The presence of fructose was confirmed by spraying chromato- 
grams with naphtharesorcinol—HCl reagent when it gave a bright red spot typical of 


ketohexoses. 


Stronger acidic hydrolysis of previously hydrolysed sputum 

The previously hydrolysed nonosaminic acid-free sputum (2.12 g) obtained above 
was refluxed with 3 N H,SO, (80 ml) for 4h. After neutralization with barium car- 
bonate the sugars liberated were passed down a column (1. 60 cm, d. 5 cm) of Dowex- 
50 X 8, 200-400 mesh (H+ form). The column was then washed with distilled water 
until all neutral sugars together with some amino acids were recovered. The latter were 
removed by passage down a column (Il. 44 cm, d. 2.5 cm) of Zeo-Karb 215 (H+ form) 
and the neutral sugars (0.410 g) recovered. Paper chromatographic analysis of the 
neutral sugars in the solvents used above revealed that these consisted of galactose, 
mannose and fucose in approximately equal amounts. 


Crystallization of D-glucosamine hydrochloride 

Hexosamine was eluted with 2 N HCl from the Dowex-50 column used above, 
concentrated to small volume under reduced pressure and finally left to stand in vacuo 
over NaOH for one week. The hexosamine fraction (0.234 g) was dissolved in 10% 
methanol (1 ml) and cold acetone added dropwise at —10°. The crystals (81 mg) re- 
covered had [a]?? + 71.5° equil. (c, 0.59 in water), and when examined by the resin 
chromatographic technique of GARDELL® gave a single peak which coincided exactly 
with the peak obtained with authentic D-glucosamine hydrochloride. 


Isolation of a mucoprotein fraction from chronic bronchitis sputum 


Sputum (32 ml) from a chronic bronchitis patient (L.H., aged 61 yrs.) was diluted 
with water (3 vol.) and dialysed at 2° for 5 days against frequent changes of distilled 
water. The resulting suspension was centrifuged and the supernatant freeze-dried to 
a powder (372 mg, containing 3.51% nonosaminic acids). A 10% solution of this frac- 
tion was then acidified (to pH 2.0) with 0.5 N HCl until the cloudy precipitate just dis- 
solved. The solution was diluted with 6-7 volumes of water (giving pH 2.72) when a 
white precipitate appeared which was centrifuged, and redissolved in water (at pH 7). 
The mucoprotein fraction recovered after four such acid precipitations weighed 


221 mg. 


Homogeneity of the mucoprotein fraction 

A 1% solution of the mucoprotein fraction in glycine buffer (pH 9.8; u = 0.1) 
was submitted to electrophoresis at 2°, 1.5 mA and 67 V in an Antweiler microelec- 
trophoresis apparatus. The resultant electrophoretic pattern, recorded photogra- 
phically, revealed after 15 min only a single peak which appeared however to be 
asymmetrical. This peak did not split on further electrophoresis (1 h). Crystalline 
albumin used as a reference gave a single symmetrical peak under the same condi- 
tions. The electrophoretic pattern of the original chronic bronchitis sputum revealed 
considerable inhomogeneity, at least three components being observed. 


Carbohydrate constituents of the mucoprotein fraction 


Hexosamines. Part (3.7 mg) of the mucoprotein fraction was hydrolysed for 18 h 
with 2 N HCl in a sealed tube at 100°. The hydrolysate was then chromatographed on 
an ion exchange column previously calibrated against authentic D-glucosamine and 
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galactosamine as described by GARDELL®. Only two hexosamines were present in 
amounts corresponding to 12.8% glucosamine and 2.0% galactosamine. 


Hexoses. Part (5 mg) of the mucoprotein fraction was hydrolysed with 3 N H,SO, 
at 100° for 2h. Quantitative determination of hexoses by the method of SVENNER- 
HOLM# revealed 13.4% hexoses (calculated as galactose). Paper chromatograpic ana- 
lysis of the hydrolysate revealed the presence of galactose, mannose and fucose. 


Nonosaminic acid. The nonosaminic acid content of the mucoprotein fraction as 
determined by the method of SVENNERHOLM ® was 5.4%. 


Awntno acid constituents of the mucoprotein fraction 


A sample (8.4 mg) of the mucoprotein fraction (N, 8.3%) was hydrolysed under 
reflux with 6 N HCl (10 ml) for 20 h. After removal of hydrochloric acid, the hydro- 
lysate was analysed on two-dimensional paper chromatograms (Whatman No. 3 MM) 
irrigated first with a methanol—water—pyridine (80:20:4) mixture and then with a 
tert.-butanol—methyl ethyl ketone—water-diethylamine (40:40:20:4) mixture. The 
amino acids detected, given in order of predominance were: glutamic acid, alanine, 
arginine, serine, glycine, valine, aspartic acid, threonine, tyrosine, proline, pheny]l- 
alanine, leucine, isoleucine, traces of lysine and probably a-amino butyric acid. 
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SUMMARY 


Weak acidic hydrolysis of chronic bronchitis sputum liberated ribose, 2-deoxy- 
ribose and fructose together with a mixture of four nonosaminic acids including N- 
acetyl, N,O-diacetyl- and N-glycolyl-neuraminic acid. N-acetyl-neuraminic acid was 
crystallized from the mixture and shown by X-ray powder photography, infra-red 
spectra, decomposition point and chromatographic behaviour to be identical with an 
authentic specimen. Stronger hydrolysis liberated galactose, mannose, fucose, and 
hexosamines. One of the latter was crystallized and characterized as D-glucosamine 
hydrochloride. A mucoprotein fraction obtained by isoelectric precipitation contained 
nonosaminic acid (5.4%), glucosamine (12.8%), galactosamine (2.0%) and 13.4% 
total hexoses (galactose, mannose and fucose). The amino acids present in the muco- 
protein fraction have been identified. 
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ETUDE COMPARATIVE PAR IMMUNOELECTROPHORESE 
ET PAR POLAROGRAPHIE DES EXTRAITS TRICHLORACETIQUE 
ET PERCHLORIQUE DU SERUM HUMAIN NORMAL 


B. ROBERT*, CH. DE VAUX ST. CYR, L. ROBERT* Et P. GRABAR 
Service de Chimie microbienne, Institut Pasteur et Service de Biochimie, Faculté de Médecine, 
Paris (France) 


Une premiére étude? sur les filtrats de déprotéinisation du sérum humain normal 
par les acides perchlorique et trichloracétique a permis d’y déceler, par immuno- 
électrophorése, un certain nombre de constituants antigéniques. 

Les extraits perchlorique et trichloracétique contiennent principalement une 
glycoprotéine acide, de faible poids moléculaire et de mobilité légérement supérieure 
a celle de l’albumine. SCHULTZE? l’avait nommée ‘‘Séromucoide acide a,” ; nous avons 
conservé cette dénomination en supprimant a, qui ne correspond a sa mobilité ni dans 
le sérum normal ni dans les extraits. 

L’extrait trichloracétique contient deux autres protéines antigéniques et l’extrait 
perchlorique au moins cing ; aucune de celles-ci n’ont pu étre identifiée jusqu’a présent 
aux constituants du sérum humain normal. 

Dans le présent travail, nous complétons |’étude immuno-électrophorétique par 
une étude chimique: dosage de l’azote, des hexoses et de l’acide sialique et par l'étude 
de la vague polarographique des extraits perchlorique et trichloracétique enregistrées 
selon BRDICKA®. 

MATERIEL 
Extrait trichloracétique (E.T.) 

Un volume de sérum est dilué soit par 4 volumes d’eau bidistillée soit par 4 vo- 
lumes d’eau physiologique (pour éviter une trop grande rétention des glycoprotéines 
sur le précipité) puis traité par 5 volumes d’acide trichloracétique 4 10%. Aprés centri- 
fugation, le surnageant est neutralisé par de la soude jusqu’a pH 7, puis dialysé contre 
de l’eau distillée. On ajoute une quantité de NaCl calculée de telle facon que la con- 
centration saline finale soit de 8.5°/oo. Le surnageant est alors concentré sous vide, a 
37°, dans un évaporateur rotatif. Le volume final est ramené au 1/,) du volume initial 
du sérum. 


Extrait perchlorique (E.P.) 

Une quantité de sérum est dilué par 9 fois son volume d’eau bidistillée ou de solu- 
tion physiologique puis précipité par 5 volumes d’acide perchlorique 1.8 N. L’extrait 
perchlorique concentré s’obtient ensuite par les méthodes employées pour la prépara- 
tion de l’extrait trichloracétique. 


Glycoprotéine purifiée 


Nous avons utilisé la fraction a, (2.9 223/224) préparée par le Professeur SCHULTZE* 
et désignée par lui sous le nom de “‘a, séromucoide’”’ ou “‘protéine acide a, de faible poids 





* Adresse actuelle: Dept. of Biochemistry, University of Illinois, College of Medicine, 
Chicago 12, Ill. (U.S.A.). 
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moléculaire’. Cette préparation (sous la dénomination SmA) nous a servi de témoin 
au cours de ce travail. 


Immunsérums 


Nous avons utilisé successivement 

a) un sérum de mulet (No. 282) immunisé avec un mélange de sérums humains 
normaux. 

b) le méme sérum (No. 282) épuisé par la préparation trichloracétique purifiée 
(282-X). (Il faut utiliser 250 ug de E.T. par ml d’immunsérum). 


METHODES 


Electrophoréses simples et immunoélectrophoréses 


Les électrophoréses simples et les immuno-électrophoréses ont été effectuées selon 
la technique de GRABAR ET WILLIAMS‘ dans les conditions suivantes: 
—gel de gélose a 1%; tampon véronal sodique de pH 8.2; force ionique de 0.025; 
voltage 5 V/cm; durée 44h, a la température du laboratoire. 
—les électrophoréses simples sont colorées par l’Amidoschwartz, les immuno-électro- 
phoréses par l’Azocarmin. 


Dosage des hexoses 


Le dosage des hexoses a été effectué par la méthode 4a ]’anthrone®. Une partie 


aliquote du filtrat est amenée a I ml, plongée dans un bain glacé; on y ajoute 2 ml 
d’une solution d’anthrone (Light ou Kodak) a 0.2% dans de I’acide sulfurique concen- 
tré (Merck). On porte ensuite les tubes dans un bain-marie bouillant pendant 15 min, 
puis on les refroidit dans de la glace et l’on effectue les lectures a 540 my au spectro- 
photométre Unicam SP 600. Une gamme témoin de 10, 20, 50 et 100 wg d’un mélange 
équimoléculaire de galactose-mannose est faite avec chaque série de dosages. 


Dosage de l’acide sialique 


Le dosage de l’acide sialique est effectué selon une modification de la méthode de 
SVENNERHOLIM ® au résorcinol—cuivre’. Les résultats sont calculés par rapport a une 
courbe d’étalonnage obtenue avec un acide o-sialique (généreusement mis a notre 
disposition par le Professeur BLIx). 


Enregistrement de la vague polarographique 


L’enregistrement de la vague polarographique s’effectue* avec 4 a 5 ml du mé- 
lange (Co(NH3)s)**-ammoniacal (concentration finale: Cot? = 0.001 M, NH,Cl = 
0.1 N, NH,OH = 1 N) et 25 a 100 wl de filtrat. La vague du cobalt et la vague pro- 
téique sont enregistrées a partir de 0.8 V, avec un polarographe Radiometer PO3. Les 
caractéristiques du capillaire sont: ¢ = 2.24 sec/goutte et m = 2.5 mg/sec dans du 
KCl 0.1 M a 25° en circuit ouvert. La sensibilité du galvanométre, au cours des en- 
registrements, est de 0.42 wA/mm de déviation sur le papier (galvanométre shunté a 
1/1000). 
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RESULTATS 


I. Extratts perchloriques 
La Fig. 1 montre les immuno-électrophoréses et les électrophoréses simples effec- 
tuées avec trois E.P. d’un méme sérum. Chaque extrait forme 6 traits de précipitation. 





SHN.. EPI E.R2 ER 


Fig. 1. Immuno-électrophorése et électrophorése simple en gelose d’un sérum humain normal 
(S.H.N.) et de 3 extraits perchloriques (E.P.) du sérum humain normal. 


Le plus important (No. 2 sur la Fig. 2) est formé par la précipitation du séromucoide 
acide. L’intensité et la mobilité des autres traits de précipitation ont tendance a varier 
légérement d’une préparation a l’autre et dépendent des conditions de travail: tempé- 
rature, temps de contact dans l’acide perchlorique, mode de dilution du sérum. 

La Fig. 2 indique d’une maniére schématique toutes les lignes que nous avons pu 
déceler au cours de l’analyse immuno-électrophorétique des 7 E.P. 





Fig. 2. Ce schéma donne tous les traits Fig. 3. Schéma des traits obtenus avec l]’extrait 
que l’on peut apercevoir dans une im- trichloracétique du sérum humain normal. La 
muno-électrophorése d’un E.P. de ligne B correspond 4a celle du séromucoide acide 
sérum humain normal. La ligne 2 cor- (Sm). S.H.N.: Sérum humain normal; E.T.: Ex- 
respond a celle du séromucoide acide. trait trichloracétique. 
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TABLEAU I 


MODE DE PREPARATION DES FILTRATS PERCHLORIQUES ET CONSTITUANTS DETECTES 
A L’IMMUNO-ELECTROPHORESE 








Extraits Sérum dilué Lignes visibles a l’immuno-électrophorése* 
dans I 2 2 4 5 6 7 

BF. & eau bidistillée +++ 44+ +. pe 
E.P. B eau bidistillée +++ 444 4. =. 
E.P. C NaCl 0.9% 4+4+4+ 444+ + +. uf 4. 
E.P. D NaCl 0.9% eee Tes <= + 5 + 
BP. T NaCl 0.9% 

incubé 15 min 

avec l’acide 

perchlorique +++ 4444 + mI x obs 
E.P. II NaCl 0.9% 

incubé 15 min 

avec l’acide 

perchlorique ++4+ 444 44 4. abe 4 
E.P. III NaCl 0.9% 

incubé 30 min 

avec l’acide 

perchlorique +++ ++ + + + + 
E.P. IV 
pathologique NaCl 0.9% ee eet + a ie J 3 > ++ 





* Les lignes sont numerotées dans l’ordre de mobilité anodique décroissante. 


Nous avons résumé dans le Tableau I les différents modes d’obtention de ces 
extraits ainsi que l’intensité relative des traits, numérotés selon le schéma de la Fig. 2. 


TABLEAU II 


TENEUR EN HEXOSES ET EN ACIDE SIALIQUE DES EXTRAITS PERCHLORIQUES (E.P.) ET 
TRICHLORACETIQUES (E.T.) 








Extratts Concentration Hexoses Acide sialique 
mg/ml mg N*/ml mg/ml mg/mg N* mg/ml mg/mg N* 
E.P. A 5-3 0.585 0.814 1.39 0.340 0.58 
E.P. B 5-3 0.585 1.044 1.78 0.490 0.84 
E.P. C — 0.585 0.998 1.70 0.460 0.78 
E.P. D — 1.07 1.029 0.96 0.500 0.47 
E.P., 4.2 0.50** 0.726 ¥a9""*" 0.405 o.7z4"* 
E.P., 4.6 0.59** 0.681 1.16%** 0.480 0.73°** 
E.P., 8.8 1.25** 1.446 5,367** 0.721 0.58*** 
E.P.iv 
pathologique* — 2.i4°* 4.66 2.16%? 2.920 1.95°°" 
E.T. G — 0.225 0.814 3.60 0.085 0.38 
E.T. H — 0.225 0.256 1.14 0.060 0.27 
ea — 0.225 0.260 1.16 0.080 0.35 
E.T. K — 0.225 — ao 0.085 0.38 
E.T. L a 0.196 —- = 0.096 0.49 
E.T. M _ 0.169 — — 0.052 0.31 
E.T. N — 0.225 os — 0.112 0.50 
E.T. Px*x 1.4 ¥.34°° 0.307 2.69*** 0.078 0.68*** 
Séromucoide 
acide a, de 
SCHULTZE 9.85 1.022 1.336 1.30 0.921 0.9 





* Azote total, déterminé par micro-Kjeldahl, sans correction pour les hexosamines. 
** Protéines dosées au biuret, en comptant 10% d’azote en moyenne pour l|’extrait. 
*** Rapporté a la valeur trouvée par le biuret. 
x Epithélioma gastrique dans sa phase terminale. 
xx Filtrat provenant d’un mélange de sérums humains normaux. 
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Leur composition chimique est donnée dans le Tableau II avec celle des extraits 
trichloracétiques. 


2. Extraits trichloracetiques 

L’immuno-électrophorése d’un extrait trichloracétique du sérum du méme don- 
neur (Fig. 3) montre 3 lignes: la plus rapide (A) n’est pas toujours visible; elle est pré- 
sente par exemple, dans l’E.T. I (voir Tableau III). La seconde (B) a été identifiée au 
séromucoide acide!. Enfin la troisiéme (C) de mobilité située entre les «,- et les £,- 
globulines se retrouve extrémement rarement en immuno-électrophorése, mais elle 
est bien visible par la technique de double diffusion en gélose. Le Tableau III donne, 
avec le mode de préparation, le nombre et Il’intensité des traits des 8 E.T. et le 
Tableau II, leur composition chimique. 


TABLEAU III 


MODE DE PREPARATION DES FILTRATS TRICHLORACETIQUES ET 
CONSTITUANTS DETECTES A L’IMMUNO-ELECTROPHORESE 








Extraits Sérum dilué dans: Nombre de lignes visibles a 

Vimmuno-électrophoreése 
A B C 

E.T. G eau bidistillée ot + + 

E.T. H eau bidistillée + 

E.T. I NaCl 0.9% + + 

E.T. K eau bidistillée +++ 

E.T. L NaCl 0.9% ++ 

E.T. M eau bidistillée + 

E.T. N NaCl 0.9% + t+ 

E.T. P NaCl 0.9% +44 


Séromucoide acide 
de SCHULTZE a} +444 =e 


* Dans certains échantillons, on apergoit 2 lignes qui n’ont pu étre identifiées. 





3. Composition chimique des extraits perchloriques et trichloracétiques 


Le Tableau II donne la teneur en azote, en hexoses et en acide sialique des E.P. 
et des E.T. Bien que les différents extraits aient toujours été concentrés de la méme 
manieére: 10 fois par rapport au sérum initial, la teneur en azote, hexoses et en acide 
sialique est beaucoup moins élevée dans les E.T. que dans les E.P. Ceci est d’ailleurs 
en accord avec le fait que les E.P. contiennent en plus du séromucoide acide un beau- 
coup plus grand nombre de fractions que les E.T. qui renferment le séromucoide acide 
presque pur. 

Le rapport mg hexoses/mg N est plus fort pour les extraits perchloriques que 
pour les trichloracétiques, mais la différence entre la valeur moyenne des résultats 
obtenus pour les E.P. et celle obtenu pour les E.T. n’est pas significative (Tableau IV). 
I] en est de méme pour la teneur relative en acide sialique bien que, ici, la differénce 
entre les moyennes soit du méme ordre que le produit de ¢ de STUDENT (pour un taux 
de confiance de 90%) par l’écart-type de la différence des moyennes (Tableau IV). 

La teneur en hexoses du SmA correspond exactement a celle de la moyenne des 
E.P. La teneur en acide sialique est, par contre, plus élevée; elle est égale a la 
moyenne des E.P. + 1 o environ. Nous discuterons plus loin les raisons probables de 
cette discordance. 
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TABLEAU IV 
COMPARAISON DES VALEURS MOYENNES ET DES ECARTS-TYPES DE LA TENEUR EN HEXOSES, 
EN ACIDE SIALIQUE ET DE LA VAGUE POLAROGRAPHIQUE DES EXTRAITS PERCHLORIQUES 
ET TRICHLORACETIQUES 





Hexose Acide stalique Vague polarographique 
mg/mg N mglmg N pA pA pA 
Extraits bg N bug hexose —_ ug aac. sial. 
M* = o** M o M o M 0 M o 








Perchloriques 1.35 0.008 0.67 0.225 7 41.61 0.39 #4«+1.20 0. 2.38 0.32 
Trichlo- 
racétiques 2.15 I. G 0.20 Q 0.36 0.26 0.23 0.18 0.88 0.37 
Mep—Met 
comparé 
at-S —0.80 1.15 0.25 0.254 1.25 0.308 0.97 0.246 1.50 0.403 





Mep—Met : différence des deux moyennes; ¢: paramétre de STUDENT pour un taux de confiance 
de 90%. 








2 
2 ie écart type de la différence des moyennes et ov = [= his ot 0, et o, sont les 
nN, + My—2 
écarts types individuels o,: écart type réduit. 
* M: moyenne. 
** go: écart type. 


L’éxtrait perchlorique d’un sérum pathologique, incorporé dans le tableau a titre 
d’exemple, montre une augmentation importante en hexoses et en acide sialique par 
rapport aux extraits des sérums normaux. La différence entre sa teneur relative en 
hexoses et la valeur moyenne des E.P. normaux semble significative (Tableau IV) ; et 
sa teneur relative en acide sialique est le double de la moyenne des E.P. normaux. 


4. Vague polarographique des E.P. et des E.T. 


Le Tableau V montre la hauteur de la vague catalytique des extraits rapportée 
a leur teneur en azote, en hexoses et en acide sialique. I] apparait, d’aprés ce tableau, 
ainsi que d’aprés les valeurs moyennes rapportées dans le Tableau IV que les E.T. 
donnent une vague beaucoup moins forte que les E.P. a quantité d’azote, de sucre et 
d’acidesialique égale. Les différences entre les moyennessont significatives (Tableau IV). 
L’aspect de la vague catalytique est différent aussi pour ces 2 extraits: pour les E.T. 
(voir Fig. 4, A et B) le sommet de la vague est plus arrondi pour les faibles concentra- 
tions. Dans le cas des E.P., les 2 sommets de la double vague catalytique sont trés 
distincts. A plus forte concentration, la vague des E.T. devient plus aigue et les 2 
sommets sont presque confondus. La troisiéme vague des E.P. (la vague “‘pré-natrium”’ 
des auteurs tchécoslovaques &) qu’on attribue souvent aux groupements aminés est trés 
nette dans les E.P. Cette troisiéme vague est trés peu prononcée ou méme invisible sur 
les tracés obtenus avec le SmA, et les E.T. Les tracés C et D de la Fig. 4 montrent 
l’aspect de la vague catalytique de l’E.P.,, pathologique et du SmA. L’E.P.,, donne 
une vague comparable a celles des autres E.P., mais beaucoup plus élevée a volume 
égal. Par contre, la hauteur de la vague ramenée a une méme quantité d’azote, de 
sucre et d’acide sialique, est nettement inférieure a la moyenne des E.P. Ces valeurs 
(voir Tableau V) se placent entre celles des E.P. et des E.T. La troisiéme vague est 
trés prononcée et elle augmente trés vite avec la concentration. L’allure de la vague 
du SmA différe dans quelques détails des autres. Notamment, la suppression du 
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TABLEAU V 
VAGUE POLAROGRAPHIQUE DES EXTRAITS PERCHLORIQUES (E.P.) ET TRICHLORACETIQUES (E.T.) 





Hauteur de la double vague protéique exprimée en: 











Extraits nde BA uA BA AC* 
M ug N Mg hexoses bg ac. stalique pA 
E.P. A 25 1.57 1.13 2.7 +2.4 
E.P. B 25 2.21 1.24 2.56 + 5.0 
E.P. C 25 1.90 1.11 2.40 +2.1 
E.P. D 25 1.25 1.30 2.66 +5.0 
E.P. I 25 1.42** 1.11 1.99 
E.P. II 25 1.80** 1.55 2.46 
E.P. III 50*** 1.10** 0.95 1.92 
E.P.1y pathol. 25 1.08** 0.49 0.79 
6 4.25** 1.95 3.12 
E.T. G 25 0.42 0.118 1.14 
E.T. H 25 0.47 0.407 1.73 
E.T. I 25 0.31 0.273 0.88 
E.T. K 100 0.28 0.73 +1.13 
E.T. L 100 0.16 0.33 —0.5 
E.T. M 100 0.28 0.90 +2.37 
E.T. N 100 0.43 0.87 +2.1 
) a Oe 100 0.438** 0.16 0.64 
125 0.18 0.72 
Séromucoide 
acide a, de 
SCHULTZE 20 1.59 1.17 1.7 





* “Effet alcalin’’, augmentation de la vague au bout de 30 min de dénaturation par la po- 
tasse 0.1 N a pH 12.6 (ref. bibliogr.*). 

** Protéines dosées par le biuret. Pour le calcul du rapport wA/ug N on admet qu'il y a 
10% d’azote dans les protéines de 1’extrait. 

*** Echantillon dilué 5 fois par rapport aux données du Tableau II. 


maximum de la vague du cobalt se produit pour une concentration trés faible en 
SmA. 

La différence entre la hauteur de la vague des E.T. et celle du SmA est difficile a 
expliquer. On pouvait admettre que l’acide trichloracétique soit en cause car |’on sait 
que les halogenoacétates sont susceptibles de réagir avec les groupements sulfhy- 
driques et méme avec les groupements aminés. Nous avons donc incubé le SmA 
(50 wl = 0.49 mg) avec l’acide trichloracétique (50 ml et 150 wl d’une solution 0.3 ; 
le volume est complété a 200 yl avec du NaCl 0.9%) a +4° pendant 16h et 24h. Le 
tracé polarographique (Fig. 5) montre le résultat obtenu. On voit que la vague du 
SmA augmente plutét ( de 17.3 a 26.4 wA) aprés l’incubation. I] est donc peu probable 
que le simple contact avec l’acide trichloracétique ait pu diminuer la vague cataly- 
tique des E.T. 

La Fig. 6a montre la hauteur de la vague catalytique de l’E.T., en fonction de sa 
concentration. Celui-ci est comparé avec la courbe correspondante du SmA. La dif- 
férence entre “‘l’activité polarographique”’ de ces deux produits apparait clairement: la 
courbe de l’E.T. a une pente initiale nettement plus faible que celle du SmA. Ce der- 
nier atteint son plateau pour des concentrations relativement trés faibles. La valeur 
de ce plateau est beaucoup plus forte, que celle de l’E.T. La Fig. 6b montre les tracés 
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double-logarithmiques de ces deux courbes. Notons que le point d’intersection des 
deux segments de droites se situe pour la méme valeur de l’abscisse. La pente de ce 
premier fragment de droite est plus élevée pour l|’E.T. que pour le SmA. La Fig. 7 
donne la courbe de la hauteur de la vague en fonction de la concentration pour le 
E.P.,,. Au début la courbe augmente trés rapidement, pour s’infléchir pour une con- 
centration de 2 ug/ml, puis elle monte linéairement a peu prés jusqu’a 30 ug/ml et 
atteint le méme plateau de 30 wA environ, valeur semblable a celle donnée par 1’E.T. 


oO ® ® ® 











10,9 pA (13,9pA I97pA 25,5yA 


| 





® 


Stes 53,4pA 
WN 
=e 
aa i 35,2yA | 


Fig. 4. Vague polarographique des extraits perchloriques, trichloracétiques et du séromucoide 
acide. A. Extraits trichloracétiques: 1, E.T.I. 2oug N; 2, E.T.I. g4oug N; 3, E.T.L. 15.5 ug N, 
4, E.T.L. 31 ug N dans 4.5 ml tampon cobaltique. B. Extrait perchlorique E.P.C.: 1, 5.8 ug N; 
2, 11.7 ug N; 3, 17.5 wg N dans 4.5 ml tampon cobaltique. C. Extrait perchlorique du serum can- 
céreux E.P. IV: 1, 4.1 wg N; 2, 45 ug N; 3,60 ug N; 4, 88 ug N pour 4.5 ml de tampon cobaltique. 
D. Séromucoide acide de SCHULTZE: I, 10.2 wg N; 2, 20.4 ug N; 3, 40.9 ug N pour 4.5 ml de tam- 
pon cobaltique. Pour la plupart des enregistrements la sensibilité du galvanométre était de 1/1000, 
correspondant a 4.2 wA par cm de deviation sur le papier. Pour les fortes concentrations on a 
utilisé une sensibilité de 1/2000, correspondant a 8.4 wA par cm de deviation sur le papier. 

















Bibliographie p. 840 





B. ROBERT e¢ coll. VOL. 4 (1959) 


I7,3pA 14,8yA 24,7uA 264A 














i oe oo | 


Fig. 5. Influence de l’acide trichloracétique sur la vague polarographique du seromucoide acide. 

A, 122 wg de SmA dans 4.5 ml de tampon cobaltique. B, 0.49 mg SmA incubé avec 15 wmoles TCA 

24h +4°; enregistrement sur 122 wg SmA dans 4.5 ml de tampon cobaltique. C, 0.49 mg de SmA 
incubé avec 45 wmoles TCA; autrement, comme B. 
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Fig. 6. A. Hauteur de la vague polarographique en fonction de la concentration en protéine. 
B. Tracé double logarithmique de ces mémes courbes. SmA: séromucoide acide de SCHULTZE. 
E.T.: extrait perchlorique. P. 


DISCUSSION 


Les données des Tableaux I et II montrent que la composition des extraits pré- 
parés a partir d’un méme sérum et par les mémes techniques n’est pas constante. Les 
facteurs qui semblent intervenir le plus dans ces variations sont: 

1) le diluant ajouté au sérum avant sa précipitation surtout lorsqu’on emploi 
l’acide perchlorique et, 

2) le temps de séjour dans l’acide perchlorique. 

En diluant le sérum avec du NaCl 0.9% au lieu d’eau bidistillée, il apparait au 
moins deux lignes de précipitation supplémentaires et une troisiéme semble étre ren- 
forcée. Lorsqu’on prolonge le temps de contact dans l’acide perchlorique, il apparait 
une nouvelle fraction (No. 3) de mobilité inférieure a la fraction I. 

Parmi les 6 lignes visibles, dans l’immuno-électrophorése, la ligne 2 a été identifiée 
sans ambiguité: elle correspond au séromucoide acide’. 

On sait que ce composant correspond a la fraction MP, de WINZLER®. Celle-ci a 
été identifiée d’autre part par KALOous et coll.!° au composant M, du sérum normal. 
Nous avons beaucoup moins de renseignements sur les autres fractions de l’extrait 


Bibliographie p. 840 





VOL. 4 (1959) EXTRAITS DU SERUM HUMAIN NORMAL 837 


perchlorique. KALous ef coll. pensaient que la fraction MP, n’est pas identique au 
composant M, du sérum normal tout en se comportant comme une «, al’électrophorése 
libre, dans le tampon véronal?!. Cela peut s’expliquer comme suit: la fraction MP, 
contient de l’haptoglobine comme |’a montré SONNET! et comme nous avons pu le 
confirmer!’. Mais l’haptoglobine de l’extrait perchlorique est certainement dénaturée, 
Car quoique se combinant a l’hémoglobine, en électrophorése sur papier et sur amidon, 
Sa migration dans ce dernier support est modifiée! et l’activité peroxydasique du 
complexe est nulle. 


40 


uA AEP IV (b) 


EPI1V(a) 


Y protéine/m!i EPIV 
20 30 
200 300 

Yprotéine/ml ET 
Fig. 7. Hauteur de la vague polarographique de 1l’extrait perchlorique d’un sérum de cancéreux 
(E.P.1y) en fonction de sa concentration en protéines. a, hauteur de la double vague protéique; 
b, hauteur de la troisiéme vague (‘‘prénatrium’’). E.T.: extrait trichloracétique d’un S.H.N. (le 
méme que dans la Fig. 5) donné a titre de comparaison et employé a4 une concentration 10 fois 
plus forte. 








Les fractions MP, et MP; sont hétérogénes et correspondent a nos lignes Nos. I, 3 
et 6. D’aprés sa mobilité, la ligne No. 7 se rapproche de celle appelée P, par KALous”. 

L’extrait perchlorique de sérum pathologique montre en électrophorése simple, 
une trés forte augmentation de la zone du séromucoide acide. Par l’immuno-électro- 
phorése, nous avons pu voir qu’il s’agit de deux constituants de méme mobilité: le 
séromucoide acide qui se trouve en quantité beaucoup plus importante que dans les 
extraits du sérum normal, et une autre fraction qui a pu étre identifiée a la sérum- 
albumine ?: 17, 

Les extraits trichloracétiques semblent étre composés essentiellement de séro- 
mucoide acide. On voit parfois une ou deux impuretés qui n’ont pas été identifiées. 
On retrouve ces deux lignes supplémentaires dans certaines fractions du SmA préparées 
par SCHULTZE. 

Quoique l|’E.T. donne une ligne continue en boite d’Ouchterlony, avec le SmA, 
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leur composition chimique est assez différente. En particulier, la teneur en acide 
sialique de l’E.T. est nettement plus faible. I] semble donc que la méthode de prépa- 
ration influe sur la composition chimique mais non sur les groupements antigéniques. 
Ceci tend a prouver que la copule glucidique et en particulier l’acide sialique ne parti- 
cipent pas a ces groupements antigéniques. 

La différence dans le comportement polarographique des E.T. et du SmA plaide 
aussi en faveur d’une modification de la molécule au cours de sa préparation. I1 semble 
que le départ partiel de l’acide sialique et une oxydation des groupements SH ou disul- 
fures puissent étre comptés parmi les modifications importantes dues au mode de pré- 
paration. I] est malaisé de comparer l’E.P. au SmA car le premier contient suivant les 
préparations de 6 a 8 fractions différentes. Pourtant, la teneur en hexoses rapportée 
a ]’azote est la méme, mais celle en acide sialique est plus faible dans les E.P. La vitesse 
de migration des protéines dépend d’une maniére étroite de la présence de l’acide 
sialique: son départ progressif la ralentit et celle-ci peut avoir dans certains cas, une 
mobilité de f-globuline. La Fig. 8 montre l’immunoélectrophorése de 3 extraits 








Fig. 8. Immunoélectrophorése d’un S.H.N., de 3 fractions de E.P.—E.P. III aprés hydrolyse de 
l’acide sialique a la mobilité d’une f.-globuline. 


perchloriques conservés pendant 3 mois a + 4°. L’un des trois (E.P.111) a perdu la plus 
grande partie de son acide sialique et migre en position f. D’autre part, l’acide sialique 
doit jouer un role dans la structure de la mucoprotéine déterminant son “activité 
polarographique’’. Notamment, la vague catalytique diminue si l’on enléve |’acide 
sialique par la neuraminidase’. ‘‘L’activité polarographique”’ quoique difficile a définir 
avec beaucoup de précision, est néanmoins un critére utile pour la comparaison des 
différents extraits. Nous pouvons nous contenter de la définir comme la hauteur de la 
double vague catalytique enregistré dans les conditions précisées, et rapportée au ug 
d’azote; de plus, pour les mucoprotéines au wg d’hexoses ou au yg d’acide sialique. 

La vague doit étre enregistrée pour une concentration de mucoprotéines corres- 
pondant a la partie initiale quasi-linéaire des courbes wA = F (conc.). 

La vague polarographique des E.P. ainsi exprimée est différente de celle des E.T. 
Par contre, le SmA donne des valeurs assez semblables a celles de la moyenne des 
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E.P. Ceci peut étre di au fait que la plupart des sous-fractions des E.P. de sérams 
normaux possédent une activité polarographique peu importante. D’autre part, leur 
quantité relative est peut-étre faible mais il nous est difficile de l’apprécier pour le 
moment. Sil’E.T. donne une vague plus faible que le SmA, cela peut tenir a ce que les 
groupements SH se sont oxydés ou inactivés au cours de la préparation. 

I] est intéressant de comparer l’E.P.,y aux E.P. normaux. La vague polarogra- 
phique de |’E.P.,, augmente relativement moins que sa teneur en hexoses ou en acide 
sialique. Ceci est a rapprocher de l’apparition d’un trait de précipitation important 
quoique le séromucoide acide correspondant a la sérumalbumine, semble étre aussi 
augmenté. Cette constatation ainsi que beaucoup d’autres*.!4-17 nous autorisent a 
penser que dans les extraits perchloriques, des fractions différentes peuvent augmenter 
dans diverses affections, ce qui peut étre apprécié par le renforcement de certains traits 
de précipitation ainsi que par le rapport de la vague polarographique a la teneur en 
hexose, et en acide sialique. Notons aussi que l’apparition de sérumalbumine dans le 
filtrat perchlorique peut expliquer l’augmentation de la vague polarographique ainsi 
que l’effet alcalin (AC) *. 14-17, Dans une prochaine note, nous étudierons les sérums 


pathologiques plus en détail. 
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RESUME 


Nous avons étudié la composition des extraits perchloriques et trichloracétiques 
des sérums humains normaux par des méthodes immunochimiques, polarographiques 
et par le dosage de l’azote, des hexoses et de l’acide sialique. 

Par immuno-électrophorése en gélose, on peut dénombrer 6 constituants dans les 
extraits perchloriques, mais qui peuvent occuper des positions différentes sur un dia- 
gramme immuno-électrophorétique. Parmi ces fractions, la plus importante est le 
séromucoide acide. Les filtrats trichloracétiques contiennent 3 fractions au maximum 
dont I principale. Celle-ci correspond immunochimiquement au séromucoide acide, 
mais en différe par sa composition chimique et son acivité polarographique. Les ex- 
traits perchloriques ont une composition chimique et une activité polarographique 
semblables a celles du séromucoide acide de SCHULTZE. 

Nous avons étudié les propriétés de la vague polarographique en les comparant 
a la composition chimique et immunochimique des extraits. I] semble que la copule 
glucidique et en particulier l’acide sialique, jouent un réle secondaire dans la détermi- 
nation de la spécificité de la réaction immunologique sur gélose (formation du trait de 
précipitation) ; la mobilité du séromucoide acide, donc l’emplacement du trait de 
précipitation dépend de la teneur en acide sialique de la protéine. La réaction polaro- 
graphique au contraire, est trés sensible a des modifications de la structure et de la 
composition de la molécule protéique. L’activité polarographique, c’est-a-dire la hau- 
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teur de la vague catalytique ramenée au yg d’azote, d’hexose ou d’acide sialique est une 
caractéristique importante des glycoprotéines. 


SUMMARY 


COMPARISON OF THE TRICHLORACETIC AND PERCHLORIC ACID EXTRACTS OF NORMAL 
HUMAN SERUM BY MEANS OF IMMUNOELECTROPHORESIS AND POLAROGRAPHY 


The composition of perchloric and trichloracetic acid extracts of normal human 
sera was studied by immunochemical and polarographic methods and by determina- 
tion of total nitrogen, hexoses and sialic acid. Perchloric acid extracts (P.E.) give 
6 distinct precipitation lines on immunoelectrophoresis. The most important of these 
components seems to be the acid seromucoid (SmA). The trichloracetic acid filtrates 
(T.E.) give one distinct and sometimes two faint precipitation lines on immunoelec- 
trophoresis. The distinct line was immunologically indistinguishable from that given 
by acid seromucoid, but differed from it in chemical composition and polarographic 
behaviour. The chemical composition and polarographic activity of perchloric acid 
extracts are similar to those of the acid seromucoid of SCHULTZE. 

A comparative study was made of the polarographic behaviour of perchloric and 
trichloracetic filtrates as a function of their chemical and immunochemical composi- 
tion. It seems that the polysaccharide moiety of the acid seromucoid and specifically 
its sialic acid content is of minor importance in determining the immunochemical 
specificity (formation of precipitation lines in agar gel), but that it determines the 
electrophoretic mobility and thus the relative position of the precipitation line on 
immunoelectrophoresis. 

The polarographic reaction on the other hand is very sensitive to structural 
modifications and to alterations in composition of the protein molecule. The polaro- 
graphic activity, 7.e. the height of the catalytic double wave per ug nitrogen, hexose 
and/or sialic acid, is an important property by means of which mucoproteins can be 
characterized. 
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CRITICAL EVALUATION OF METHODS USED IN 
AMINOACIDURIA INVESTIGATION 


JANINA OPIENSKA-BLAUTH 
Biochemical Department, Medical Academy, Lublin (Poland) 


The methods used for clinical detection and estimation of amino acids in blood 
serum and urine still lack uniformity; they possess different errors with regard to 
the separate amino acids and give results which may vary widely. It is, therefore, 
not surprising that both qualitative and quantitative estimations of amino acids in 
normal urine presented by many authors differ according to the technique chosen 
and the experimental conditions. 

Tables I and II contain the results of investigations on the amino acid composition 
of normal urine reported by Woopson?!, who applied microbiological assay, by 
STEIN? and EVERED®, who used ion exchangers, and by CLARKSON AND KENCH ‘ and 
BRAUN AND KISFALUDI5, who used paper chromatography. 

The results given by WoopDsoN contain no data on some amino acids, such as 
glycine, alanine, taurine, serine and other less common amino acids. On the other 
hand, tryptophan is detected in normal urine only by means of microbiological assay. 

Particularly significant are the differences found for cystine (A/2—D/14), glutamic 
acid (A/3—B/14—D/8), arginine (A/6—C/8—E/20), 1-methyl histidine (A/7—E/19) 
and glutamine (A/o—B/o—C/3—D/2—E/3) (from Table II). 

It is of interest that all the amino acids identified by STEIN by means of ion 
exchange resin Dowex-50 could be found by ascending two-dimensional paper 
chromatography. 

METHODS 
Reference system 

The first difficulty is to choose an adequate reference system for urine; there is 
a difference of opinion on this subject. Several authors, e.g. DENT®, carry out chro- 
matographic analysis of single urine specimens using the total urine nitrogen as 
reference system. CLARKSON AND KENCH use the creatinine concentration in urine. 
However, most authors, e.g. BOULANGER AND BISERTE’*, use 24 h urine specimens 
in their investigations. The most reliable picture of the amino acids in urine can be 
obtained by introducing a certain constant volume in relation to the 24 h specimen 
(for example 1.5-2 x 10-4) on the chromatogram. 


Standard diet in aminoacidurna investigations 


There is still controversy on whether protein-free diet is an essential factor in 
aminoaciduria investigations. It is not necessary to maintain a protein-free diet 
before collecting urine samples for aminoaciduria tests. Two-dimensional chromato- 
grams of the amino acids found in the urine of healthy persons kept on a normal 
mixed diet do not show any major differences. 





* These authors now recommend carrying out the chromatographic analysis with a urine 
specimen corresponding to a urinary flow of 2 to 10 sec, corrected with reference to the body 
surface (personal communication). 
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TABLE I 
AMINO ACIDS IN NORMAL URINE 
Micro- 19n exchange resin Paper Ion exchange 
biol. chromat. chromat. vesin chromat. 
assay Dowex 50 vewen* CLARKSON JONXIS AND 
. Woopson!_ STEIN? AND KENCH*  HUISMAN®*® 
Amino acid Adults 
Children 
mg Nnu,| I year 
re * mg|24h creatinine mg /24h 
range 
vange 
1. Arginine 11-36 — ? — 4.1 3.0 
+ threonine 
2. Aspartic acid O—24 10 30 -— 7.2 1.9 
+ serine + serine 
3. Asparagine — 34-92 134 0.0—5.7 14.4 16.4 
+ glycine 
4. Alanine ? 20-70 ? 3.1-9.7 14.0 26.3 
5. Glutamic acid o—64 8-40 12 0.0—4.3 6.8 4:7 
Glutamine — a ae 0.0—17.2 — — 
+ alanine 
7. Glycine ? 68—199 112 1.6—31.8 14.0 26.3 
8. Cysteine + cystine 45-138 10-21 15 0.0—-1.6 4-7 3.8 
9g. f-aminoisobutyric acid — — 13 — — — 
10. y-amino-n-butyric acid — — 5 — —_ — 
11. Histidine 60-378 113-320 IOI 1.4-12.1 27.0 14.3 
12. 1-Methylhistidine — 50 47 — 0.0 5.0 
13. Leucine 4-19 9-26 9 0.0—3.9 4.7 6.1 
14. Isoleucine Oo-20 14-28 22 — 2 3.0 
15. Lysine 18-88 7-48 17 0.0—5.6 2.2 3.8 
16. Methionine 4-II 5-10 9 — 3-4 2.4 
17. Phenylalanine 8-34 9-31 18 0.0—2.8 2.6 3-7 
18. Taurine — 86-294 61 — — — 
+ Asp.ac. 
19. Threonine 12-50 }§=15-53 30 0.0—4.4 4.8 — 
20. Tryptophan 9-56 — — 0.0—2.1 — — 
21. Proline 7-15 10 — traces 3.4 0.0 
+ asparagine 
22. Serine — 27-73 134 0.9—7.5 14.4 16.4 
23. Valine o-8 4-6 5 0.0—2.2 1.6 2.5 
24. Ornithine = a —- a = — 
25. Citrulline — —— == — —- —- 
26. Tyrosine II-44 15-49 24 0.0—3.6 6.4 14.0 
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Quantitative estimation of aminoaciduria 


STEIN’s? method of elution chromatography from the ion exchange resin Dowex 
50 is too laborious and too slow to be used in serial clinical investigations. Amino- 
aciduria investigations could be based on the estimation of «-amino nitrogen and on 
an approximate quantitative estimation of the individual amino acids on two- 
dimensional chromatograms. 

Some authors express the degree of aminoaciduria by means of an amino index. 
This is obtained when amino nitrogen (mg/24 h) is divided by total nitrogen (mg/24 h), 
and then multiplied by roo. In children, amino nitrogen and total nitrogen values 
are calculated per kg of body weight. Unfortunately, amino nitrogen estimations 
carried out by various methods possess a considerable error which is different for 


the individual amino acids. 


Methods used for determination of a-amino nstrogen 


BiGwoop® made a comparative study of methods used for the determination 
of ~-amino nitrogen in body fluids and in protein hydrolysates. It would be best to 
have a method which would permit the determination of «-amino nitrogen of free 
amino acids only, that of amines, peptides and other substances related to amino 
acids being excluded. Neither Sdrensen’s formol method nor Folin’s colorimetric 
method with 1,2-naphthoquinone-sulphonate fulfils these requirements. Of the two 
methods developed by Van Slyke, BiGwoop prefers the gasometric CO, ninhydrin 
method to the original gasometric method with nitrous acid. He regards it as the most 
specific for «-amino nitrogen and the best adapted to its determination in the amino 
acid mixtures which are found in protein hydrolysates and in body fluids. 

Since Van Slyke’s method requires a considerable quantity of ninhydrin, another 
modification of the basic gasometric method has been developed in which ninhydrin 
is replaced by chloramine T. Nevertheless, in the opinion of most investigators the 
method is far from perfect. 

A comparison of the results for «-amino nitrogen determination in urine obtained 
by the above-mentioned methods clearly shows their inaccuracy (Table ITI). Each of 
these methods is characterised by a different error which results from the presence 
of additional nitrogen groups, such as the guanidine group, additional amino groups 
in basic acids, nitrogen from peptide linkages, or nitrogen from taurine, proline and 
hydroxyproline. Apart from that, these methods are especially troublesome with 
regard to urine because they usually require removal of urea, ammonia, creatinine 
and other similar substances. Attention should be also drawn to ANTENER’S® micro- 
colorimetric method with Folin’s reagent because of the small quantities of material 
required (0.1 ml of blood serum and 0.05 ml of urine) ; urea and ammonia are removed 
before the estimation. Other components of normal and pathological urine have no 
marked influence on the results. The average value of «-amino nitrogen in urine found 
by ANTENER was 230 mg/l. - 

POPE AND STEVENS’ method and the modification of SPIER AND PASHER", 
both of which are based on the formation of copper complex compounds with a-amino 
acids, seem to deserve special attention. Estimations can be carried out in the 
presence of urea, creatinine, ammonia and salts, and, in contrast to previously 
mentioned methods, the range covers proline and hydroxyproline. On the other 
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TAB 


AMINO ACIDS IN NORMAL URINE, AS CITED EI 








I 2 3 4 5 6 7 8 

A. WooDsoNn 

Microbiol. His CyS, Glu Lys Thr Arg Tyr Phe 
B. STEIN 

Dow. 50 His CH;His Tau Gly AspNH, Ala Ser Ty 
C. BRAUN Gly CyS, GluNH, Asp His Ala Ser Arg 

KISFALUDI® 

paper chrom. 
D. CLARKSON Gly GluNH, Ala His Ser Lys CH,His Glu 

KENCH 


paper chrom. 
Approximate quantitative evaluation 





E. OprENSKA and His Gly GluNH, Ala Thr Ser Tau Glu 


others 
paper chrom. 





‘Val’ = Valine + Methionine + Leucine 
“‘Leu”’ = Leucine + Isoleucine + Phenylalanine 


hand several copper complex compounds such as tryptophan, cystine, methionine 
and leucine cause errors owing to their poor solubility. According to POPE AND 
STEVENS, good results are obtained for mixtures containing glycine or aspartic acid 
in high concentrations. In amino acid mixtures (10-200 wg) SPIER AND PASHER also 
found results approaching theoretical values. 


TABLE III 


COMPARISON OF RESULTS OF &®-AMINO NITROGEN DETERMINATION IN 
URINE BY SEVERAL METHODS §& 











Method Ninhydrin CO, HNO, Sérensen formol 
nae Van Slyke Van Slyke, Kirk — Van Slyke, Kirk 
Hydrolysis Hydrolysis of Vacuum 
uvea by urease nirgecinigyris 
of urea distillation 
Pretreatment and vacuum NH, 
by urease Phage pa of NH; 
oie ee Il distillation eid ah il 
g NHg» mg a-N yy, /I g NH» 
Urine 1 98 118 127 
Urine 2 177 176 254 
Urine 3 174 236 330 
Urine 4 139 168 IgI 








The results of our preliminary estimations of a-amino nitrogen in individual 
amino acid mixtures and in the presence of some urine components by the PopE- 
STEVENS and especially the SPIER-PASCHER method allow the conclusion that these 
methods are suitable for the estimation of «-amino nitrogen in urine. 

Determinations of «-amino nitrogen are carried out by various methods, which 
have different errors and which do not always cover all amino acids occurring in 
urine; the results given by different authors are therefore not always comparable. 
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FERENT AUTHORS (IN ORDER OF DECREASING CONTENTS) 





9 Io Ir I2 I3 I4 I5 16 17 Is 19 








Pro Meth Tleu Val Asp 

Lys Phe Leu Asp Glu Pro Cys, Val Meth Arg 
Leu Thr Tyr Val 

Tyr AspNH, Val Leu CyS, Try Phe Pro 

CyS, AspNH, Tyr “Val” “Leu” a-NH, “By” Asp “B” CH,His 


but 





3,."’ = y-amino-n-butyric acid + f-NH,-isobutyric acid. 


_ Preparation of urine for chromatographic analysis 


a) Protein precipitation. Protein precipitation by means of acetone added in 
equal volume to the urine specimen is best adapted to the chromatographic analysis 


of amino acids in urins. 


b) Desalting. The necessity of removing salts from urine before introducing a 
specimen on filter paper is still discussed by various authors. In our opinion desalting 
of urine is an indispensable condition for obtaining a full and clear picture of the 
amino acids on filter paper. 

The different methods of preparation of urine used cause variations on the 
chromatograms. Amino acid chromatograms obtained from normal urine by indi- 
vidual authors show great divergences with regard to the number and the kind of 
amino acids detected. Some authors determine only 5 to 7 amino acids in normal 
urine chromatograms, whereas others find more than 10. These differences are caused 
mainly by the influence of some accompanying compounds in urine. 

The lack of a uniform procedure in aminoaciduria investigations results in quite 
different interpretations of the concept of physiological and pathological amino acids. 
Thus, according to Miguel?2, only 4 amino acids (glycine, serine, glutamine, alanine) 
are always detected in normal urine, 4 others (glutamic acid, methionine, valine, 
histidine) are frequently found, and another 4 (cystine, aspartic acid, threonine, 
lysine) are rarely found. Only the above-mentioned amino acids are regarded by 
MIGUEL as physiological; to all others he attributes a pathological character. In our 
laboratory it is possible to determine in two-dimensional chromatograms of normal 
urine about 20 amino acids, peptides being excluded, provided that the urine is desalted. 

There are various methods of desalting urine. Some authors use acidified acetone ; 
others apply electrodialysis according to CONSDEN?%. In our experiments electro- 
dialysis caused considerable losses of amino acids, especially basic amino acids. 
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TABL 


DETERMINATIONS Q 





Method 
PoPE AND STEPHENS !° 








Determ. 
Amino acid dpa a-NwH, iN ember Range Error 
a-N NH, of a-Nwu, 
ug det percentage 
bg Mean eterm. beg 

I. Glycine 246 251 5 218-270 + 2 
s. Alanine 72 69.5 6 65-84 — 2.8 
3. Asparagine 57 52.5 4 46-73 — 7.8 
4 Lysine 18 19 5 16—30 + 5.5 
5 Cystine 175 162 5 152-163 — 7.4 
6 Leucine 150 163 5 148-198 + 8.6 

9. Taurine complex compound is not formed 
8 Glutamic acid 95:2 89.7 4 84-95.7 — 5.7 
9 Aspartic acid 42.1 38.6 4 37-40 — 8.3 
1 N 195 334 6 258-408 +71.2 
10. Histidine 14 N 293 334 6 258-408 +13.9 
2 N 390 334 6 258—408 —I14.3 
II. Mixture* 656 643 6 540-731 — 1.9 
12. Mixture + urea 656 618 6 617-670 — 5.7 
13. Mixture NaCl + Na,HPO, 656 620 5 606-656 — 5.5 

14. Mixture + ammonia 656 696 5 652-699 + 6 





* Mixture: Gly, 13.2; Ala, 4.6; AspNHg, 5.4; Lys, 1.9; Cys, 1; Leu, 1.4; Tau, 16; Glu. ac., 1; 
Urea: 30 g/l; NaCl + Na,HPO, : 15 g/l NaCl + 3.5 g/l Na,HPO,; NH; : 3.84 g/l NH,Cl. 


Of the current methods, desalting on strong cation exchange resins is the best. 
Comparative investigations‘ carried out on cation exchange resins with various 
functional groups have shown that most of them can be succesfully used for desalting 
urine provided that a suitable eluant is chosen. We have used various resins among 
which were Dowex-50, the Russian SDW;, Amberlite IR 100, the RF cation exchanger 
with orthophosphate functional groups, carboxyl cation exchanger, and the Polish 
Escarbo sulphonated carbon. It was found in a series of experiments that when the 
appropriate eluant was applied, the chromatograms obtained from the same specimen 
of urine were identical. 

Taurine, which is a constant component of urine, is recovered by means of 
combined cation exchange and anion exchange resins. 

In 250 wl of 24h urine the two-dimensional technique permits the detection of 
18 to 20 amino acids. Tests carried out with standard mixtures showed that the 
average loss is about 10%. 

The interesting results obtained by DENT* who applied the two-dimensional 
chromatographic technique to specimens of non-desalted urine, induced us to carry 
out comparative studies on desalted and non-desalted specimens of the same urine. 
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AMINONITROGEN 23 





Method Method 
SPIER AND PASHER?! TROLL AND CANNAN 25 








heor. ve Number Range — ; a Number Range 
NNEs ee a-N wi percentage a-NwuH, 
ME ME an HE 


Error 
percentage 





229-281 — 2.8 
71-79 + 2.7 


100-123 — 4.4 
100-123 —36.2 
100-123 —52.1 


75-92 — 5-4 
21-23 — 4.3 
29-35 + 6.7 


246 


72 
IN—I14 
IN—171 
IN—228 


gI 
23 
30 


Mn qnuaunn wm a 


88-110 + 3.2 


39-48 + 4.5 


290—409 +7I.1 
290-409 + 13.9 
290—409 —I4.2 


132-134 + 1.4 
609—666 — 2.2 
590-068 — 3.5 
134-138 + 2.2 


95.2 
42.1 


195 333-5 
293 333-5 
390 333-5 


132 134 
656 638 
656 629 
132 135 


Nr fF ANNAN WV O 





sp. ac., 1; His, 21.6; 


TABLE V 
SPECIFIC ELUANTS FOR PARTICULAR CATION EXCHANGERS !4 





Cation exchanger Eluant 





Dowex-50 2 N ammonia 
SDW, 2 N ammonia 
Amberlite IR 100 2 N ammonia 

+ aliph. amines (90: 
RF 2 N ammonia 

+ pyridine (go : 
Escarbo 2 N ammonia 

+ pyridine (90 : 





TABLE VI 
RECOVERY OF AMINO ACIDS IN DESALTED URINE!4 





Cation exchanger Recovered amino acids (%) 





Dowex-50 85-90 
Amberlite IR 100 80-85 
SDWs; 90-93 
RF go 
Escarbo go 
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Fig. 1a. Urine A 
desalted on Dowex-5o. e 
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Fig. 1b. Urine A S: 8" 
desalted on cation : 








exchanger IDW3. 











Fig. 1c. Urine A 


Ga desalted on Amberlite 
8 IR-100. C35 
cJ SOx 7 
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Fig. 1d. Urine A 
desalted on cation 
exchanger R. Ph. 























Fig. re. Urine A 
desalted on Escarbo. 


Fig. 1. Amino acid chromatograms of normal urine with 
addition of arginine, lysine and ornithine (GaAsIoR e¢ al."*). 
1. Alanine; 2. Arginine; 3. Aspartic acid; 4. Asparagine; 
5. Glycine; 6. Glutamine; 7. Glutamic acid; 8. Histidine; 
g. Lysine; 10. Leucine + isoleucine + phenylalanine; 
Xa 11. Ornithine; 12. Proline; 13. Serine; 14. Taurine; 15. 
Threonine; 16. Tyrosine; 17. Valine + methionine + tryp- 
tophan; 18. “‘B’’, x, X,, X2, Xs, X4, Xs, unidentified spots. 

















VOL. 4 (1959) METHODS IN AMINOACIDURIA INVESTIGATION 849 


Investigations on urine samples of adults and children !® showed that it is only 
possible to obtain distinct chromatograms with clearly separated spots when the 
volumes of urine introduced on the filter paper are small. The borderline values which 
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propanol - water <——_ € 





propanol - water 
Fig. 3. Normal urine A, not desalted. 50 yl of 
24-h urine. Spots unseparated (OPIENSKA- 
BLAUTH et al.%°). 


Fig. 2. Normal human urine A, not desalted. 
“Cold ninhydrin’’, 10 wl of 24-h urine. Number 
of spots: 13 (OPIENSKA-BLAUTH et al.°°). 


still give legible chromatograms depend largely on the content of salt. That is why 
the limiting volumes in urine of adults (specimen A) are less than 50 wl, while non- 
desalted urine of a 4-year old child (specimen C) still gives distinct chromatograms in 
volumes larger than 60 wl. 
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Fig. 4. Normal human urine A desalted on’ Fig. 5. Normal human urine A desalted on 
cation exchanger SDW3. to wl of 24-h urine. cation exchanger SDW3, 300 wl of 24-h urine. 
Number of spots: 14 (OPIENSKA-BLauTH et al.®°), Number of spots: 23 (OPIENSKA-BLAuTH et al.?°) | 
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The maximum number of ninhydrin-positive spots is obtained when 250-300 ul 


of desalted urine are placed on the filter paper. When the volume exceeds 400-500 ul, 
the spots are not sufficiently separated. 
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Fig. 6. Normal urine C, not desalted, from a 
4-year old child. 3.3. wl of 24-h urine. Number 
of spots: 5 (OPIENSKA-BLAUTH et al.*°), 


Fig. 7. Normal urine C, not desalted, from a 
4-year old child. 66 wl of 24-h urine. Number 
of spots: 16 (OPIENSKA-BLAUTH et al.®®). 


MIGUEL’s” classification of amino acids as physiological and pathological seems to 
lack motivation. The same normal urine can give various amino acid patterns de- 
pending on its composition and especially on its salt content, on the method of its 
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Fig. 8. Normal urine ‘‘C’’ desalted on cation ex- 

changer SDW3 from a 4-year old child. 33 wl of 

24-h urine. Number of spots: 17 (OPIENSKA- 
BLAUTH et al.®°). 
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Fig. 9. Normal urine C desalted on cation ex- 

changer SDW3 from a 4-year old child. 332 wl of 

24-h urine. Number of spots: 27 (OPIENSKA- 
BLAUTH et al.°). 
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preparation (desalting) and on the conditions in which chromatograms are developed 
and detected. In the same way the frequency of occurrence of individual amino acids 
in normal urine varies with different authors; this is also caused by differences in 
method !*. The results of numerous comparative studies confirm the soundness of 
these arguments. 
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Fig. 10. Normal urine desalted on cation exchanger Dowex-50 from a 7-day old child. 300 yl of 
24-h urine. Number of spots: 24 (OPIENSKA-BLAUTH et al.®°), 
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Fig. 11. Frequency of appearance of amino _ Fig. 12. Frequency of appearance of amino acids 
acids in physiological urine of children in rachitic urines (MIGUEL?"). 1. Ser; 2. Gly; 
(MIGUEL ?%). 3. GluNH,; 4. Ala; 5. Glu; 6. Meth; 7. Val; 8. 
His; 9. Cys; 10. Asp; 11. Thr; 12. Lys; 13. Pro; 
14. Tyr; 15. Arg; 16. Leu; 17. Phe; 18. Tau; 19. 

y-NH,-but.; 20. B-NH,-isobut.; 21. AspNHg. 


Urine A non desalted Urine A desalted 
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Fig. 13. Frequency of appearance of amino acids 
in the urines of infants during the first week of 
life (OPIENSKA-BLauTH et al.!5). 1. Gly; 2. Ser; 3. 
GluNH,; 4. Ala; 5. Glu; 6. Thr; 7. Lys; 8. Cys; 
g. Val + Meth + Try; 10. “B’’; 11. Tau; 12. His; 
13. OH-Pro; 14. «-NH,-but; 15. B-NH,-isobut; 
y-NH,-but; 16. Pro; 17. Tyr; 18. Arg; 19. Asp; 
20. Asp-NH,; 21. Citr; 22. CH,-His; 23. Leu + 

Ileu + Phe. 1234567 8 9 0N 1213 1415 16 17 18 19 2021 2223 
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Newborn E desalted urine 
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Newborn E desalted urine 





Days I Il III IV a. we VII 





jl urine introduced 21 39 48 96 120 156 180 
ml 24-h urine 35 65 80 160 200 4260 = 280 





Newborn D desalted urine 





Days I Il III Iv V VI VII 





pl urine introduced 18 30 30 72 108 144 ~~ 168 
ml 24-h urine 30 50 60 130 180 240 300 





Fig. 14. Frequency of appearance of amino acids in the urines of infants during the first week 
of life (OPIENSKA-BLAUTH et al.15), 
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Fig. 15. Amino acids in urine of children 1 to 12 months of age (OPIENSKA-BLAUTH et al.15). 1. Gly; 

2. Ser; 3. GluNH,; 4. Ala; 5. Glu; 6. Thr; 7. Lys; 8. Cys; 9. ‘‘Val’’; 10. ‘‘B’”; 11. Tau; 12. His; 13. 

OH-Pro; 14. a-NH,-but; 15. 6-NH,-but; 16. Pro; 17. Tyr; 18. Arg; 19. Asp. 20. AspNH,; 21. Citr; 
22. CH,-His; 23. ‘“‘Leu’’. 
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Decoloration of urine 


Decoloration of urine with active carbon causes considerable losses of some 
amino acids, especially of the aromatic and heterocyclic ones!*. An addition of 
chloroform and alcohol partly reduces these losses. 


Chromatographic technique 


In our laboratory the two-dimensional ascending technique, the systems 
propanol—water and phenol—water and filter paper Whatman No. 1 are used. Com- 
parative experiments with the use of the descending technique and of other kinds 
of filter paper, e.g. Whatman No 3, showed no clear differences. To obtain separation 
of rapidly migrating amino acids, in particular the ‘‘Val”’ or the ‘‘Leu”’ group which 
are not separated in propanol and phenol systems, additional development is carried 
out according to Boissonas!’; ¢ert.-butanol—methylethylketone—water (4 : 4 : 2) and 
tert.-butanol-methanol—water (4 : 5: 1) on filter paper Whatman No. 1, or better 
Whatman No. 3, are used. 








- tert.- butanol- methanol- water’ 
(4:5:1) : 


Fig. 16. Chromatogram of physiological urine. Separation of ‘‘Val’’ and ‘‘Leu’”’ spots. I. tert.- 
butanol—methylethylketone—water (4 : 4: 2); II. ¢evt.-butanol-methanol—water (4 : 5 : 1). 
(OpIENSKA-BLAUTH AND PIETRUSIEWICZ). 


The separation of other amino acids occurring in urine is obtained in the phenol— 
propanol solvent system, which was used in the KISFALUDI® experiments. DENT® 
uses the descending technique in the system phenol—water and collidine—lutidine ; 
besides phenol, BISERTE!® uses butanol—acetic acid and water. 

Comparative investigations of the ascending and descending techniques both in 
the systems used by DENT® and by ourselves, showed no essential differences. Some 
authors obtain good results by multiple development of one-dimensional chromato- 
grams in the system butanol-acetic acid—water. 
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Oxidation 


Several authors use oxidation of sulphur-containing amino acids directly on the 
filter paper or in the solution. Oxidation of cysteine and cystine to cysteic acid and 
of methionine to sulphoxide and sulphone is advisable only when there are difficulties 
in identifying the sulphur-containing amino acids in the chromatograms. 

If necessary, oxidation is carried out by means of performic acid directly on the 
filter paper before development; it is continued for 30 min at room temperature. 
Performic acid is prepared by mixing 1.8. ml of formic acid and 0.2 ml of perhydrol; 
30 min later the filter paper is exposed to the action of the vapour. Before development 
the chromatogram is dried in order to remove the performic acid vapour. This method 
of oxidation of sulphur-containing amino acids is reliable and allows easy localisation 
of cysteic acid and methionine sulphoxide. Nevertheless it should be used only in 
case of real necessity, because it is unavoidably accompanied by some losses of certain 
amino acids. 


Detection of chromatograms and identification 


Most authors use ninhydrin detection and heat the chromatograms at 105° for 
5 to 10 min or at 60° for a slightly longer time. In our investigations”? ‘“‘cold’”’ detection 
was always used; it allows the identification of spots not only by means of the Rr 
values but also by the differences in the rates of appearance of the spots and inter- 
mediate colours. Amino acids can be divided into 5 groups according to the differences 
in the rates of appearance of spots from the moment of spraying or dipping. 

Methionine, glutamic acid, glycine, serine and histidine are coloured first ; taurine, 
isobutyric acids and f-alanine are the slowest to colour but when heated they give 
colour reactions instantly. Yellow-orange intermediate colours appear for glycine and 
asparagine; after heating a violet colouring becomes visible at once. Differences in 
the time of appearance of spots as well as intermediate colours greatly facilitated the 
identification of some amino acids with similar R-values, whereas on heating they 
immediately produced common spots. 

Glycine, serine, asparagine and taurine can nearly always be identified by means 
of the cold test. First the yellow asparagine spot and the violet serine spot appear, 
much later the yellow-brown glycine spot appears and later still the violet taurine 
spot. The glutamic acid spot appears earlier than that of aspartic acid. Histidine and 
arginine sometimes merge into one spot, but that of histidine appears much earlier. 
Of the alanine group, alanine and glutamine produce spots more quickly than 
tyrosine and threonine. 

There is a lack of proportion between the rate of the appearance of the spot and 
the sensitivity of the ninhydrin test for histidine and methionine. We place these 
two amino acids in the first group, in which spots appear quickly; most authors, 
however, consider them as least sensitive. 


Sensitivity of the ninhydrin test 


The sensitivity for individual amino acids has been assessed by different authors 
under different experimental conditions, and discrepancies between the reported 
results make their comparison difficult. For example, some authors determine the 
sensitivity of the ninhydrin test for individual amino acids in developed chromato- 
grams in various solvent systems and at different temperatures, without paying 
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TABLE VII 


TIME OF APPEARANCE OF COLOURED SPOTS IN COLD NINHYDRIN TEST WITHOUT 
DEVELOPMENT 22 





; Rp zone* 
Intermediate phenol-H,O 


Time of colour 


appearance in 
PP : colours 
min 7 ee 


2.6 ug of the 


Grou : : 
p amino acid 





Meth 

Glu 

Gli yellow-brown 
Ser 

His 


OWNS 





GlaNH, 
Leu 
Ileu 
Ala 
Phe 
Lys 
Orn 
Thr 
Val 


VOWoOypoyuNo 





Arg 
Tyr 
Pro 
Try 





CySH 
AspNH, 20-30 
Asp 


Par!) GOOO0 





Tau after some colouring appears 
a-NH, isobut. hours immediately after 
f-alanine heating 


Oa 





* Ry zone 





A-O -0.3 
B —- 0.3 — 0.5 
C —0.5 — 0.7 
D — 0.7 — 0.9 


attention to the size of the surface of the spot. Others determine the sensitivity 
immediately under strictly defined standard conditions?®. 

Comparative investigations of the sensitivity of the ninhydrin test ?* #8 have been 
carried out both directly (specific sensitivity) and after development of chromato- 
grams in the phenol and propanol systems, the size of the surface of each spot being 
taken into consideration. The investigations were carried out under strictly standard- 
ised conditions as regards the kind of filter paper, the surface of the original spot, the 
volume of solutions, the concentration of ninhydrin solution, the temperature of 
development, etc. 

For most amino acids the sensitivity of the cold ninhydrin test was greater than 
on heating. Only a few amino acids, such as f-alanine and isobutyric acids proved 
to be exceptions. Comparison of sensitivities measured immediately or determined 
after development of chromatograms allowed the division of 28 amino acids into 
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3 groups on the basis of the values of the coefficient K, the ratio between the sensitivity 
after development and the specific sensitivity. 

In the first group, which contained f-alanine, isobutyric acids, proline and tau- 
rine, the coefficient K was less than 1. The development of the chromatogram had a 
favourable influence on the sensitivity of the ninhydrin test for these amino acids. 
In the second group, which contained asparagine, cystine, histidine, threonine, lysine, 
arginine and alanine, the coefficient varied between 1 and 5. The development of the 
chromatogram decreased the sensitivity for this group of amino acids only to a small 
extent. The third group contained amino acids with high Rr values, such as tryptophan, 
leucine, isoleucine, valine, methionine and phenylalanine. The coefficient K in these 
cases was more than Io. 

The interpretation of the results obtained for the sensitivity of the test for 
histidine and methionine is especially interesting because of the great discrepancies 
in the data for these two amino acids found in the literature. According to DENTS, 
KIRBY-BERRY”®*, PRATT AND AUCLAIR?!, histidine and methionine are among the 
least sensitive amino acids. According to DENT, the sensitivity for histidine is 20 times 
less than that for glycine, whereas that for methionine is only 10 times less. PRATT 
estimates the sensitivity for histidine as 250 times lower than that for glycine. The 
data published by SEIFER AND ORESKES !® differ greatly from these values. The results 
obtained from our investigations support our argument of the important influence 
of numerous experimental factors, such as detection, temperature, concentration of 
the detecting reagent, composition of the developing phase, surface of the spot, 
adsorption on the filter paper and other less definite conditions. 

It can be concluded that histidine is one of the least sensitive amino acids, 
though with regard to the rate of the appearance of the spot it is placed in the first 
group. When the surface factor has been eliminated, the influence of the development 
in phenol and in propanol is slight and the coefficient K does not differ much from 1. 
Conversely methionine is one of the most sensitive to ninhydrin, but is strongly 
influenced by the development hence the coefficient K of methionine varies between 
7 and 16. 

Other colour reactions, e.g. with isatin or alloxan tested by SAIFER AND ORESKES!® 
and by us?*, showed a much lower sensitivity than the ninhydrin reaction. Exceptions 
were proline and hydroxyproline, which were found to be much more sensitive to 
isatin than to ninhydrin. In the alloxan reaction, cold detection proved to give much 
better results than hot. Although the colouring appeared very slowly, in most cases 
after several hours, the spots were pure and clear and the rest of the paper remained 
white. Only glutamic acid and histidine became coloured in some minutes. 

We tested one other method which seemed to be very convenient for the identifi- 
cation of amino acids. The spots were detected in ultra-violet light 2”. From compar- 
ative studies, the UV test (Hanau lamp with Wood filter) carried out immediately be- 
fore development is less sensitive than the ninhydrin test for most amino acids. 

Proline and hydroxyproline are among the least sensitive, and tryptophan is 
among the most sensitive amino acids. The sensitivity of the latter was Io times that 
of the other amino acids. Generally speaking, the influence of the development was 
unfavourable for most amino acids, tryptophan being most affected. For tryptophan 
the coefficient K was 16, whereas for the other amino acids it oscillated between 1.2 
and 2.8. Alanine was an exception having the coefficient K less than 1, which means 
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TABLE VIII 
INFLUENCE OF DEVELOPMENT ON THE SENSITIVITY OF THE NINHYDRIN REACTION 26 
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= Ninhydrin specific sensitivity 
= Ninhydrin sensitivity after development reduced to standard surface. 
TABLE IX 


RELATIVE SENSITIVITY OF THE NINHYDRIN REACTION FOR AMINO 
ACIDS WITH RESPECT TO GLYCINE 





OPIENSKA- 
BLAUTH 
et al.28 


- : PRATT KIRBY SAIFER 
Amino acid DENT 
AUCLAIR?2! BERRY2® ORESKES!® 





Glycine O.1 0.25 0.2 0.02 
Alanine 2 2 2 I 3.2 
Serine 3 2 1.5 


Glutamic acid I 
Tyrosine 
Aspartic acid 


Asparagine 
Leucine 
Methionine 


Phenylalanine 
Threonine 
Arginine 


Lysine 30 I 
Histidine 250 12 
Tryptophan 30 12 
that the sensitivity of the test increased after the development of the chromatogram. 
In addition to our preliminary experiments on the sensitivity of the UV test 
for amino acids, which were carried out by means of a lamp with Wood’s filter, we 
also used a lamp with a filter permeable to wavelengths below 2500 A (Chromatolit- 
Hanovia). In many cases the sensitivity was increased tenfold compared to the test 
with Wood’s filter. The application of this test in aminoaciduria investigations permits 
the detection in the chromatogram even of those amino acids which occur in urine in 


comparatively small quantities. 
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TABLE X 


SENSITIVITY OF VARIOUS COLOUR REACTIONS FOR AMINO ACIDS 





20° 100°(26) 100°(26) 100°(29) 110°(27) 
Ss Sy STs SAl Stv 


Amino acid Ninhydrin Isatin Alloxan Ultraviolet 





ME ME ME 


Alanine 0.065 0.065 0.13 
f-Alanine — 0.065 0.13 
a-NH, isobutyric acid — 0.26 1.04 
Arginine 0.13 0.26 1.04 





Aspartic acid 0.065 0.13 0.78 
Asparagine 0.26 0.62 0.14 
Glutamic acid 0.03 0.065 0.13 
Glutamine 0.13 0.12 0.26 


Glycine 0.02 0.065 0.13 
Histidine 0.13 0.13 0.26 
Isoleucine 0.065 0.13 0.26 
Leucine 0.03 0.065 0.13 


Lysine 0.065 0.13 0.26 
Methionine 0.03 0.13 0.26 
Norleucine 0.065 0.13 0.52 
Norvaline 0.13 0.13 0.52 


Ornithine 0.065 0.13 0.52 
Phenylalanine 0.065 0.13 0.26 
Proline 0.52 0.26 0.03 
Serine 0.03 0.065 0.13 


Taurine 0.52 0.78 1.04 
Threonine 0.065 0.13 1.04 
Tryptophan 0.065 0.13 0.26 
Tyrosine 0.13 0.13 0.52 


Valine 0.03 0.065 0.13 
Hydroxyproline — — — 
Di-iodethyrosine 0.78 0.78 1.56 
Cysteine 0.03 0.52 0.52 
Cystine 0.065 0.26 0.13 





S20 — sensitivity ninhydrin 20° S400 — sensitivity alloxan 100° 
S100 — sensitivity ninhydrin 100° S100 — sensitivity ultraviolet 100° 


100 pane ae . . . ° 
Sts sensitivity isatin 100 


Sensitivity of other tests 


Our investigations on the sensitivity of various tests for amino acids show clearly 
that tryptophan undergoes changes during the development of the chromatogram 
independent of the developing system. Further studies should solve the problem of 
where the tryptophan undergoes decomposition during migration or is strongly ab- 
sorbed by the paper. 

Of other specific tests, Ehrlich’s reagent proved to be useful for detection of 
tryptophan and citrulline; but it should be noted that the sensitivity for citrulline 
is very small. Citrulline could be readily detected close to arginine and histidine, for 
the two colour reactions did not interfere with each other. Ehrlich’s test was carried 
out after detection with ninhydrin. In chromatograms of urine amino acids citrulline 
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usually formed a spot together with histidine. As far as separation of occasional 
common spots of basic amino acids is concerned, good results were obtained by 
chromatography in the system; acetone—ethanol—pyridine—diethylamine—water 
(4:23:52: O05 ;: 1.5). } 

These investigations on the sensitivity of various tests generally used for detection 
of amino acids point to the necessity for a cautious and critical interpretation of amino 
acid chromatograms. It is not always possible to detect all amino acids in one chro- 
matogram, even when they are all present in the same concentration. Those whose 
sensitivity in the given test is too small or decreases considerably during the develop- 
ment of the chromatogram may remain unnoticed. It is therefore necessary to 
support the interpretation of each chromatogram by testing standard amino acids 
under the same conditions of development and detection. Because of the multitude 
of factors influencing the detection of amino acids in urine, even an approximate 
quantitative interpretation based on the intensity or the size of the surface of the 
spot can be valid only when accompanied by control chromatograms. 


Procedure to be adopted in aminoaciduria investigations 


On the basis of our investigations and numerous methodological experiments we 
suggest the following procedure for conducting investigations of aminoaciduria. 

Tests are carried out with 24-h specimens of urine. The degree of aminoaciduria 
can be expressed by means of «-amino nitrogen or the amino index which is obtained 
by dividing «-amino nitrogen by total nitrogen and multiplying by roo. 

Two-dimensional chromatograms allow the assessment of aminoaciduria with 
regard to the individual amino acids. Chromatograms of normal urine obtained under 
identical experimental conditions serve as control. Before chromatographic tests are 
started, it is necessary to desalt urine preferably by means of cation exchange resins. 
Various resins may be chosen, provided that they are used with a suitable eluant. 
In order to recover taurine, an anion exchange resin should also be used. 

Constant volumes of 24-h urine are placed on the filter paper; the usual quantity 
is 1.5 x 10-4 of the 24-h volume of urine. Two two-dimensional chromatograms are 
developed. One is developed in the system with ¢ert-butanol, methylethylketone and 
methanol in order to separate the ‘‘Val’’ and ‘“‘Leu”’ groups, which give collective 
spots in the phenol—propanol system. The other chromatogram is developed in the 
phenol-propanol system and serves to separate and identify the remaining amino 
acids. 

The identification of the spots is carried out by means of the UV and ninhydrin 
test, or in case of need by special tests, such as the isatin or Ehrlich’s test. Cold 
detection allows identification of those amino acids which produce collective spots 
when heat is used. 

When these experimental conditions are fulfilled it is possible to identify in 
normal urine more than 20 amino acid spots. Besides amino acid spots, chromato- 
grams contain ninhydrin-positive spots which usually disappear after hydrolysis. An 
approximate quantitative assessment can be based on the intensity and size of the 
spots, provided that they are compared with spots in control chromatograms corre- 
sponding to strictly defined quantities of standard amino acids. Two-dimensional 
chromatography allows only an approximate quantitative evaluation of the content 
of individual amino acids; to obtain more exact quantitative data, the methods of 
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electrophoresis and one-dimensional chromatography should be combined. This 
technique is at present being adapted for the estimation of amino acids in urine. 


SUMMARY 


On the basis of the author’s research and of data in the literature, the chromato- 
graphic method for aminoaciduria investigations is critically discussed. The following 
points are especially noted: the choice of reference system, the errors involved in the 
determination of x-amino nitrogen, the necessity of desalting urine, and the procedures 
of desalting. The technique of chromatography, the tests used and their sensitivity 
with regard to the individual amino acids, the identification of spots and the inter- 
pretation of chromatograms are also critically examined. The author presents her 
own method of conducting aminoaciduria investigations for clinical purposes. 
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POLYSACCHARIDE ANALYSIS OF LIVER BIOPSY SPECIMENS 
OBTAINED AT LAPAROTOMY 


S. A. BARKER, M. STACEY anp D. J. TIPPER 
Chemistry Department, The University, Edgbaston, Birmingham (Great Britain) 


At laparotomy on infants, liver biopsy specimens weighing ca. I g (wet weight) 
may be obtained with little risk. A general method of fractionation has been used 
for analysis of the polysaccharides present in this amount of tissue and should prove 
useful for those conditions involving some metabolic disturbance (e.g. gargoylism, 
glycogen storage disease, amyloidosis, etc.) where abnormal storage of a poly- 
saccharide constituent occurs. The fractionation has been applied to liver biopsy 
specimens from two infants, both of whom had grossly enlarged livers, in order to 
determine whether they had glycogen storage disease. 

Glycogen storage diseases result from disturbances in the enzymic degradation 
of glycogen in the liver due to deficiencies in either glucose-6-phosphatase or amylo-1, 
6-glucosidase!. ILLINGWORTH AND Cori? found that glycogens in eight out of ten cases 
of glycogen storage disease had a normal structure, while one had abnormally short 
outer chains presumably due to amylo-1, 6-glucosidase deficiency. Under controlled 
conditions 430 ug of phosphorus was liberated from glucose-6-phosphate by 100 mg 
of normal liver, while 100 mg of liver from cases of glycogen storage disease liberated 
20, 20, 150, 280 and 400 wg respectively. 100 mg of the liver deficient in amylo-1, 
6-glucosidase liberated 180 ug. 


MATERIALS AND METHODS 
Source of materials 


Laparotomy specimens were supplied through the kindness of Dr. WoLFF and 
Mr. SALT of the Children’s Hospital, Birmingham and had been obtained from two 
young male subjects, A. M. aged 11 months, and R. J. H. aged 35 months, both of 
whom had marked enlargement of the liver without enlargement of the spleen. A. M. 
showed most of the features of glycogen storage disease, including failure of the blood 
sugar to rise after an injection of adrenalin. In R. J. H. the outstanding finding was 
hypoproteinaemic oedema with ascites. 


General method of fractionation 


All suspensions were centrifuged rather than filtered throughout. The laparotomy 
specimen (0.8-1.2 g wet tissue) was dropped into acetone (25 ml) cooled in dry ice, 
within a few minutes after its removal from the subject. The specimen was cut up 
very finely under acetone, extracted with acetone in a Soxhlet extractor for 18 h, 
and the extract concentrated to dryness im vacuo. The residue was extracted with a 
methanol-chloroform (3 : 1) mixture (6 h), with methanol (13 h) and with ether (4 h). 
These combined extracts were concentrated to dryness in vacuo. 

The fat-extracted residue (A) was extracted with water (25 ml) on a boiling 
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water bath for 24h, the residue washed with water and the combined extract and 
washings freeze-dried. The insoluble residue (B) was stirred with N sodium hydroxide 
(7 ml) for 18 h at room temperature, the residue washed with water and the combined 
extract and washings neutralized with acetic acid, dialysed, and freeze-dried. The 
precipitates that formed during the neutralization and dialysis were added to the 
residue which was suspended in water and freeze-dried (C). Fraction C was digested 
with 30% potassium hydroxide (2 ml) for 14h at 100°, the very small amount of 
residue removed by centrifugation, and crude ‘“‘glycogen”’ precipitated from the 
supernatant by addition of alcohol to 60% concentration. The precipitate was 
extracted with 5% trichloracetic acid, reprecipitated at 60% alcohol concentration, 
washed with alcohol, ether, and dried (D). Addition of alcohol to ca. 80% concentration 
to the combined mother liquors and washings produced no further precipitation. 

The freese-dried water and N NaOH extracts were each dissolved in water 
(20 ml), and deproteinized by shaking with a tenth volume of a chloroform—amyl 
alcohol mixture (9g : 1)* and centrifuging. Several such treatments were required. 
The combined chloroform phases were evaporated and the residue (protein fraction) 
freeze-dried. 

The deproteinized water extract was freeze-dried, redissolved in water (ca. 3 ml) 
and a saturated solution of Cetavlon added dropwise until the supernatant after 
centrifugation gave no more precipitate. Excess Cetavlon was removed from the 
supernatant using Amberlite I.R. 120 (H+) and the eluate freeze-dried (neutral 
polysaccharide fraction). The Cetavlon complex precipitated above was dissolved in 
M NaCl and the solution diluted to 0.25 M NaCl and centrifuged. The precipitate 
formed was solubilized by shaking with water and I.R. 120 resin, on which the 
Cetavlon was absorbed. The solution was freeze-dried (nucleic acid fraction). The 
0.25 M NaCl solution was dialysed, Cetavlon removed using 1.R. 120 resin and the 
eluate freeze-dried (acidic polysaccharide fraction). 

The deproteinized, freeze-dried N NaOH extract was similarly fractionated, ex- 
cept that no attempt was made to fractionate the Cetavlon precipitate since nearly 
all the nucleic acid is extracted by boiling water. The supernatant, obtained after 
addition of Cetavlon, contained neutral polysaccharide. The yields of each of the 
above fractions are given in Table I. 


Examination of fractions 


(1) The whole of each fraction was dissolved in water and the specific optical 
rotation determined (see Table II). Aliquots of each solution were used to determine 
the ultra-violet absorption in the region 225-320 mu. Nucleic acids, and to a lesser 
extent proteins are the main cause of this absorption. The maximal nucleic acid 
content (see Table II) was calculated on the assumption that a nucleic acid solution 
of 50y/ml has an extinction coefficient of unity at 260 mu. Where possible, an aliquot 
containing 2 mg solute was mixed with potassium chloride (250 mg), freeze-dried, 
dried at 80° over P,O; and compressed into a disc for infra-red analysis. The solutions 
remaining after the above procedure were freeze-dried. 

(2) Neutral polysaccharide fractions (I-5 mg) were each hydrolysed with 
2 N sulphuric acid for 2h at 100°. The neutralized hydrolysates were analysed by 
paper ionophoresis in acetate buffer pH 5 and borate buffer pH 10 and by paper 
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TABLE I 
YIELDS OF LIVER FRACTIONS 





R. J.H. A.M. 
Fraction Wt.(mg) % Dry % Wet Wt. (mg) %Dry % Wet 
wt. wt. , wt. 





Original liver specimen 1193 100 
Lipids 
Acetone-extracted 43.6 3.65 3.8 
Methanol-chloroform-extracted 37.4 3.14 ; 1.5 
Residue A 255-4 : 27.0 
Total dry wt. 3360.4 32.3 





Water extract from A 
Protein fraction 
Nucleic acid fraction 
Acidic polysacch. fraction 
Neutral polysacch. fraction 
Residue B 





N NaOH extract from B 
Protein fraction F 0.5 
Acidic polysacch. fraction 5-4 1.6 
Neutral polysach. fraction 34.6 
Residue C 137.8 40.8 





30% KOH extract from C 
Glycogen fraction D 17.7 5.3 





chromatography in butanol—acetic acid—water (4 : I : 5) and amyl alcohol—pyridine- 
water (I : I : 1). Results are given in the discussion. 

(3) Samples of polysaccharide (ca. Io mg) were incubated for 6h at 30° with 
soya bean f/-amylase (10 mg) in the presence of acetate buffer (pH 4.7; Io ml) and the 
maltose liberated determined with the SHAFFER-HARTMANN‘ reagent. Similar de- 
terminations were carried out on an exactly similar digest containing f-amylase but 
no polysaccharide. Results are given in the discussion. 

(4) Small amounts (0.8-1.5 mg) of the neutral polysaccharide fractions were 
dissolved in a solution (4.0 ml) containing 0.002% iodine and 0.02% potassium iodide 
and the absorption maxima determined using a Unicam spectrophotometer. The 
results obtained are given in the discussion. 


TABLE II 
PROPERTIES OF LIVER FRACTIONS 





R. J. H. A.M. 





Fraction [a]p Max. nucleic [a]p Max. nucleic 


acid content acid content 





Water extract from A 
Neutral polysacch. fract. +16° 15% +85° 10% 
Acidic polysacch. fract. +29° + 83° 23% 
Nucleic acid fract. + 26° 0° 11% 





N-NaOH extract from B 
Neutral polysacch. fract. 
Acidic polysacch. fract. 








30% KOH extract from C 
Glycogen fraction D 
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(5) The neutral polysaccharide fraction obtained by N NaOH extraction of the 
R. J. H. specimen was subjected to paper ionophoresis in borate buffer (pH 10) for 
24 h at goo V5. The paper was dried at 110°, sprayed with a water—conc. HCl-—alcohol 
(10 : 1 : 1) mixture and heated at go” till just dry. The paper was then sprayed with 
0.25% alcoholic iodine solution and left overnight for the excess iodine to evaporate. 
The R.J.H. fraction applied to the paper in neutral solution gave a yellow streaked 
spot, heaviest at the same mobility as the rabbit liver glycogen, but also extending 
some way further towards the anode, probably indicating elements of lower molecular 
weight. Authentic human liver glycogen applied in neutral solution was mostly 
absorbed on the origin, but when applied in borate buffer gave a well-defined brown 
spot of similar mobility to the rabbit liver glycogen. 


Glucose-6-phosphatase assay of A.M. specimen 


A portion of the A. M. specimen was kept at —30° for two weeks and should 
have lost no glucose-6-phosphatase activity during this time’. It was then cut up 
and pulverized while frozen and a portion (ca. 100 mg) triturated with ice-cold water 
(1 ml) for 10 min. The homogenate was filtered through gauze and aliquots (0.2 ml) 
were incubated at 30° for 1h, with 0.1 M potassium citrate (pH 6.8, 0.3 ml) and 
0.01 M glucose-6-phosphate (pH 6.8, 0.5 ml). A blank containing no homogenate and 
another containing no glucose-6-phosphate were incubated simultaneously. After 
addition of 10% trichloracetic acid (1 ml) and centrifugation, the inorganic and easily 
hydrolysable phosphate in an aliquot (1 ml) of the supernatant was determined by 
a modification of the method of ALLEN ®. 

The solution to be determined was diluted to ca. 5 ml, perchloric acid (60%, 1 ml), 
amidol reagent (amidol, 0.5 g and sodium metabisulphite, 10 g in 50 ml; I ml taken) 
and ammonium molybdate (8.3%; 0.5 ml) added and the solution diluted to ro ml. 
After 10 min but before a further 30 min, the optical density was determined at 
680 my using a ‘Spekker’ spectrophotometer. After calibration with known amounts 
of phosphate, the average result of five determinations was that 100 mg of liver from 
A. M. liberated 106 wg of phosphorus. 


DISCUSSION 


The use of Cetavlon as a precipitant for acidic polysaccharides owes its origin 
to the observation of JONES’ that acidic (non-sulphated) polysaccarides could be 
precipitated from their aqueous solutions as their cetyltrimethylammonium salts. 
This observation was extended by BARKER AND STACEY ’ who showed that sulphated 
polysaccharides also formed water-insoluble quaternary salts, while neutral poly- 
saccharides remained in solution at a neutral pH. Scotr® later showed that acidic 
non-sulphated polysaccharides and sulphated polysaccharides could be separated by 
precipitation with Cetavlon at pH 1.5 when the ionization of the carboxylic acid group 
was suppressed. Finally BARKER, STACEY AND ZWEIFEL ”° demonstrated that Cetavlon 
could be used for the precipitation of the borate complexes of neutral polysaccharides. 
The general method of fractionation used for the liver biopsy specimens is based on 
some of these observations, and where necessary, could obviously be extended to 
the further fractionation of either the neutral polysaccharide fractions or the acidic 
polysaccharide fractions. The main advantage of the use of Cetavlon is that it can 
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be applied confidently to an unknown mixture. Such confidence is necessary where 
only one such specimen can be obtained and where the amounts available are small. 
The application of such a method, which takes five days for fractionation and five 
days for the complete examination of the fractions, is justified in cases where there 
has been a metabolic disturbance of long-standing and where the pathologist, although 
he can detect abnormality, cannot define the chemical nature of the stored substance. 
The major feature revealed by the analysis of the liver biopsy specimen from 
A.M. was that the neutral polysaccharide fraction obtained from the N NaOH 
extract was an abnormal glycogen present in abnormal amounts (11.3% wet weight). 
Sodium metaperiodate oxidation of this glycogen by the method of MANNERS AND 
ARCHIBALD !!,!2 revealed that it consumed 1.08 moles of periodate per anhydro- 
glucose residue and had an average chain length of 5.1 as determined from formic 
acid liberation. This low average chain length was similar to that recorded by 
MANNERS !” for a liver glycogen isolated from a case of Von Gierkes’ disease and that 
from one out of the ten cases studied by ILLINGWORTH AND Corr?. Acid hydrolysis 
of this fraction gave almost exclusively glucose with only traces of galactose and 
glucosamine. Its high optical rotation (+ 187°) and its infra-red spectra, which 
showed characteristic absorption peaks at 930, 850 and 765 cm~!, was typical of 
glycogen. This fraction was converted to maltose by f-amylase to the extent of 
24.9%, compared with figures of 39-52% for most glycogens. Its U.V. absorption 
spectrum and infra-red spectrum showed that it was free from nucleic acid, protein, 
and acidic polysaccharides. When this fraction was stained with iodine the ab- 
sorption maxima was found at 385 my. Only a further small amount (0.38% wet 
weight) of glycogen was obtained (fraction D) with 30% potassium hydroxide. The 
neutral polysaccharide ([«]p + 85°) obtained by water extraction gave mainly 
glucose on hydrolysis, together with some galactose and glucosamine. Its infra-red 
spectrum indicated that it was a mixture of polysaccharides one of which was glycogen 
(peaks at 930, 835 and 765 cm-! together with an additional peak at 815 cm-?). 
Glucose-6-phosphatase assay of a portion of the A. M. specimen showed that the 
abnormal storage of abnormal glycogen was partly due to a deficiency in this enzyme. 
From the abnormal structure, amylo-1,6-glucosidase was also probably deficient. 
The major feature revealed by the fractionation of the laparotomy specimen 
from R. J. H. was that only a small amount (1.47% wet weight) of normal glycogen 
was present, and to extract this required 30% potassium hydroxide. This glycogen 
fraction D exhibited the typical high optical rotation (+ 192°) and had a similar 
iodine absorption maxima (385 mu) to that found above for the A. M. glycogen 
fraction. Its infra-red spectrum indicated that it was mainly glycogen. The neutral 
polysaccharide obtained from the N NaOH extract of the R. J. H. specimen did not 
behave like normal glycogen. It differed in the absorption maxima of its iodine stain 
and appeared to be inhomogeneous when separated by borate ionophoresis. It had 
a very low optical rotation (+ 14°) and on acid hydrolysis gave glucose, galactose, 
glucosamine and amino acids together with traces of ribose, fucose and possibly 
mannose. Treatment with f-amylase gave 12.1% reducing sugars (determined as 
maltose) which when analysed were found to consist of glucose and galactose in 
addition to maltose. When the neutral polysaccharide was dialysed, and the dialysate 
recovered and hydrolysed, glucose was detected. Part of this fraction may therefore 
consist of a glucose oligosaccharide. Neither with the R. J. H. or A. M. specimen 
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any abnormal storage of acidic polysaccharides, such as occurs in gargoylism, was 
detected. 
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SUMMARY 


A general method of fractionation involving the use of Cetavlon has been 
applied to two liver biopsy specimens (0.8-1.2 g wet tissue) from subjects having 
grossly enlarged livers to assess any abnormal storage of polysaccharides. One of 
the specimens (from A. M.) contained, as ca. 12% of its wet weight, a glycogen having 
an average chain length of 5.1 glucose residues similar to that of a liver glycogen 
isolated by MANNERS from a case of Von Gierkes’ disease. The liver (from A. M.) had 
an abnormally low glucose 6-phosphatase content. The other laparotomy spree 
from a child (R. J. H.) with oedema and low serum protein content contained 1.47% 
wet weight of normal glycogen together with a partially dialysable glucosan. 
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SERUM TRANSAMINASE IN LIVER DISORDERS 
ITS RELATION TO HEPATIC EFFICIENCY TESTS 


T. RATNAM 
Department of Medicine, University of Ceylon (Ceylon) 


Serum glutamic oxalacetic transaminase (SGO-T) and glutamic pyruvic trans- 
aminase have been studied by various workers as diagnostic tests for certain tissue 
conditions such as myocardial infarction, liver necrosis, dermatomyositis, etc. Much 
work has been done on the use of this test in measuring the degree of myocardial 
damage and hepato-cellular necrosis. 

The present paper describes an investigation of glutamic oxalacetic transaminase 
(GO-T) on human sera in some selected clinical conditions and a few normal sera 
as control, and its relation to hepatic efficiency tests in liver diseases. 

The objects of the investigation were as follows: 

1. To determine the role of SGO-T activity in liver diseases. 

2. To measure and control the progress of these diseases concomitantly with 
periodical liver efficiency tests. 

3. To trace a relationship between the activity levels and the findings of the 
hepatic efficiency tests in the diseases of the liver and biliary tract studied. 

A few liver efficiency tests were performed concurrently with SGO-T determi- 


nations. In some patients the diagnosis was based on clinical history alone, while 
in others laboratory findings were also used. Plasma proteins were not determined 
in all the liver cases. In a few cases full investigations were serially repeated. 


MATERIALS AND METHODS 


The subjects comprised 24 normal adults selected at random from among 
medical students and hospital workers, and 71 patients from the General Hospital, 
Colombo, whose ages varied from 12 to 80 years, suffering from diseases of the liver 
and biliary system. The diets taken by these patients and the treatments given were 
noted and their clinical data considered. 


Method 1 


The procedure adopted for the estimation of glutamic oxalacetic transaminase 
in serum was the simple colorimetric assay described in the Sigma Technical Bulle- 
tin 505}. 

In this procedure the amount of oxalacetic acid produced from «-ketoglutaric 
and aspartic acids in rh is determined after conversion to its 2,4-dinitrophenyl- 
hydrazone. The amount of oxalacetic acid in mg/ml of serum produced per min 
corresponds to the enzyme unit (Sigma-Frankel). Unit activity is defined as the 
amount of enzyme which causes a decrease in optical density at 340 my of 0.001 /min/ 
ml of serum under the conditions of KARMEN? at 25°. 
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0.2 ml of serum added to 1 ml of substrate (505-1) at 37° and incubated at this 
temperature activates transamination with the following reaction: 


a-Ketoglutarate + aspartate — glutamate + oxalacetate 


One hour afterwards 1 ml of colour reagent (No. 505-2) is added to stop the 
transamination and start the colour reaction. After 20 min, 10 ml of 0.4 N NaOH 
is added to develop the colour; 30 min later the optical densities are measured 
against water as a reference, using a Klett-Summerson photo-electric colorimeter 
with filter 54 (500-570 mu). With the aid of a standard calibration curve the enzyme 
levels in units per ml of serum sample are then obtained. 

This method has been found satisfactory; it agrees well with the chromato- 
graphic technique of KARMEN ¢é al.?, and yields the same normal values with only 


slight variation. 


Method 2 

The determination of the icteric index, the Van den Bergh reaction and the 
Takata-Ara test were essentially the same as described by KOLMER AND BOERNER?®. 
The method for plasma proteins was that of HAWK-BERGEIM‘. Serum cholesterol, 
bilirubin, thymol turbidity and alkaline phosphatase were estimated as described 
by KincG5; the technique of HANGER® was used for cephalin—cholesterol flocculation. 
For esterified cholesterol, two-thirds of the total volume of the alcohol—ether extract 
for total cholesterol was evaporated to dryness with digitonin (1 g% in 50% ethyl 
alcohol). This was extracted with about 25 ml of petroleum ether and the filtrate 
was evaporated to dryness ; the remaining process was the same as for total cholesterol. 

Blood samples were carefully collected to avoid haemolysis. All operations were 
carried out aseptically. Estimations of cholesterol, alkaline phosphatase and bilirubin 
were done soon after the collection of the blood samples. 


RESULTS 


In the healthy individuals the transaminase activity ranged from 4 to 36 S-F 
units/ml (Sigma-Frankel). This compared favourably with the figures reported by 
earlier workers (WALSH ef al.? and BARON é¢ al.). 

The diseases investigated were infective hepatitis (31 cases), cirrhosis of the liver 
(20 cases), amoebic hepatitis (8 cases), jaundice due to undetermined causes (6 cases), 
carcinoma of liver (3 cases), liver abscess (2 cases) and carcinoma of gall bladder 
(I case). | 

In 6 of these liver cases only the transaminase levels were determined. In all 
others hepatic efficiency tests were done along with the enzyme level determination. 
In most cases the tests were serially repeated to assess the degree of liver damage and 
with a view to prognosis. 

In 17 cases of infective hepatitis determinations were carried out once, while in 
14 cases the tests were serially repeated for proper diagnosis and to obtain a better 
insight into the course of the disease. 

Cases of infective hepatitis were divided into two groups according to the 
severity of the disease ; these were 6 mild cases (icteric index below 30 units and serum 
bilirubin below 3 mg%) and 25 severe cases (icteric index above 30 units and serum 
bilirubin above 3 mg%). In the former group two cases showed normal SGO-T 
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activity, slightly raised alkaline phosphatase and a ratio of free to esterified choles- 
terol of 4 : 1; in the rest the SGO-T level varied from 70 to 155 units with variable 
alkaline phosphatase and total cholesterol (increased free and decreased esterified 


cholesterol). 
The findings in the second group are summarised in Table I. The analysis of 


this group was made on initial determinations only. 


TABLE I 


RANGES OF SGO-T, ALKALINE PHOSPHATASE AND CHOLESTEROL IN THE SECOND GROUP 
OF INFECTIVE HEPATITIS (SEVERE CASES) 








SGO-T S-F units Alk. phosphatase Total cholesterol No. of Li eis 
per ml K-A units % mg % cases 
Les than 37 Normal —- 3 12% 
37-100 15.3-76.3 223.2—-510 5 20% 
(average 36.4) (average 321) 
I100—400 9.6—60 165.5—311.6 10 40% 
(average 23) (average 232) 
Above 400 9.8—49 153.2—512.2 7 28% 
(average 30) (average 293) 





All cases of infective hepatitis showed positive cephalin-cholesterol flocculation 
tests and negative Takata-Ara tests (except two) ; a few gave moderately high turbidity 
levels in the thymol test. The amount of esterified cholesterol was nearly equal to 
or less than that of free cholesterol. Bile and urobilinogen were detected in urine of 
patients who showed a direct Van den Bergh reaction. In most cases the icteric 
indices and bilirubin coincided with clinical status. In some cases, the total cholesterol 
decreased gradually, while in others it remained high and then decreased gradually. 
In four cases the SGO-T level continued to rise and fall gradually; ten cases showed 
a gradual decrease. 

Determinations on 14 cases of infective hepatitis were repeated at varying 
intervals to measure the extent of variation in the laboratory findings consequent 
to the liver damage. Despite time variations, most results showed an abrupt fall in 
the icteric index and bilirubin, but the total cholesterol and phosphatase activity 
usually declined gradually although it fluctuated in a few cases. It should be noted 
that cholesterol determination is not a routine liver function test. The cholesterol 
content in blood is slightly disturbed by other factors, and therefore it fluctuates 
despite restoration of normal liver efficiency. 

Of the 20 cases of cirrhosis of the liver 17 were fully investigated, while only 
the SGO-T level was determined in the rest. Three of them on admission showed 
clinical evidence of jaundice with a duration of less than ro days. 

These cases of cirrhosis were grouped into the mild or early stage (10 cases) 
and the late stage (10 cases). The SGO-T activity in the first group showed a fairly 
high elevation of up to 160 units while the second group showed a moderate rise not 
exceeding 63 units. In the severe cases the total plasma protein was less than in the 
early cases. The ratio of globulin to albumin was increased in the second group. In 
the second group the esterified cholesterol had an average mean of 37% of the total 
cholesterol and in the first group 45%. It appears that esterified cholesterol pro- 
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TABLE II 
INFECTIVE HEPATITIS SHOWING SERIAL DETERMINATIONS 

Case Icteric Vanden Bergh Bilirubin Cholesterol mg % Alk. phos. SGO-T Date of 
No. index immed. delayed mg % free ester total K-A untts% S-F units/ml exam. 
3 15 = 0.8 149.0 91.8 240.8 56.7 155 Nov. 22 
7 — — nil 143.3 65.0 208.3 19.4 18 Dec. 9 
6 go = 15.0 148.7. 98.0 246.7 35.0 420 Nov. 4 
55 = 6.9 87.2 122.5 209.7 13.5 157 Dec. 12 
10 60 oe 8.0 140.0 75.6 215.6 13.8 139 10 
18 _ 1.2 140.3 109.7 250.0 12.8 129 14 
18 oa 1.2 QI.0 106.0 197.0 7.0 48 18 
II 30 — 3.8 11.5 28 10 
18 “+ 1.6 179.6 107.4 287.0 15.3 54 14 
20 a 3.2 179.0 150.0 329.0 9.0 50 18 
12 80 _ 14.4 98.8 124.4 223.2 15.7 70 10 
20 + 2.1 249.4 140.6 390.0 15.8 55 14 
13 75 Ss 14.7 79.6 75.7 155-3 15.0 160 10 
40 + 4-7 14.5 145 14 
**18 45 a 4.2 127.3 109.1 236.4 60.0 400 Feb. 6 
20 +- 1.2 132.0 30.0 162.0 14.0 530 20 
26 25 + 3.7 220.0 52.0 272.0 9.7 70 13 
20 + 1.7 235.0 I10.0 345.0 20.1 110 17 

31 50 ~ 8.9 240.7 80.0 320.7 21.7 960 2 
60 — 9.6 142.7 114.3 257.0 30.0 800 March 6 
40 ste 8.6 80.0 181.6 261.6 28.0 120 20 
eras 40 4.3 148.7 103.8 252.5 19.0 460 Apr. 7 
70 9.6 106.3 110.0 216.3 10.4 140 15 
45 70 + 8.6 205.0 106.6 311.6 24.0 400 II 
40 + 4-7 177.2 142.8 320.0 II.0 150 16 
60 a 9.3 205.2 63.0 268.2 13.4 177 May 6 
70 8.1 95:0 91.0 186.0 11.0 142 9 
40 — 4.7 48.2 147.0 195.2 16.3 290 15 
20 2.0 83.6 116.4 200.0 19.0 122 19 
20 + 1.8 — — — 18.0 79 28 
#53 60 + 7.0 147.1 164.4 311.5 25.6 400 May 8 
50 _- 4.2 155-6 130.0 285.6 20.0 70 16 
56 75 - 12.3 389.2 130.0 519.2 49.0 545 10 
70 + 11.7 333.0 267.0 600.0 30.0 640 25 
60 50 -- 8.3 343.8 166.2 510.0 76.3 73 16 
40 + 7.1 217.0 230.0 447.0 66.2 25 21 





* Cephalin—cholesterol nil. ** Takata-Ara test positive. *** Van den Bergh biphasic. 


gressively decreases as the severity of the disease increases, whereas with normal 
hepatic efficiency the ratio of free to esterified cholesterol is 1 : 2. 88% of these 
cases were positive in the cephalin—cholesterol and Takata-Ara tests. 

In two advanced cases (cases 15 and 46) and one early case (case 52) the tests 
were repeated. The SGO-T activity showed a slight fall from the initial levels. The 
phosphatase activity in case 15 fell from 30.5 to 14.6 K-A units. Case 46 (advanced) 
gave normal activity, while case 52 (early) rose from 24.7 to 45 units. It seems that 
excessive tissue injury does not necessarily release abundant phosphatase into the 
blood stream..In all these three cases the esterified and total cholesterol fell from 
the initial values. To sum up, 25% of these cases of cirrhosis gave a normal SGO-T 
activity, 60% a range of 37 to 100 units and 15% above Ioo units. 

Two of the 8 cases of amoebic hepatitis were admitted with clinical evidence of 
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TABLE IV 
RESULTS OF THE REMAINING LIVER DISEASES 





Case Icteric Vanden Bergh Bilirubin Chloesterol mg% Alk. phos. SGO-T Date of 


No. index immed. biphasic mg % free ester total K-A units% S-F units/ml exam. 





A. Amoebic hepatitis 


9 7 as 
*59 15 

62 7 
*63 12 

71 5 


nil 
1.0 
nil 
0.5 
nil 


109.8 
153-3 
103.8 


64.4 
80.0 
121.8 


174.2 
233-3 
225.6 


75 5 nil 
Serial determinations 

33 5.8 165.6 152.0 317.6 March 17 

5.0 90.8 90.0 181.7 29 

**37 2.4 86.5 95.2 181.7 ; Apr. I 

O.I 116.3 100.0 216.3 12 

nil 147.4 97.6 245.0 18 


B. Jaundice (due to undetermined causes) 
21 35 “fp 4.1 118.0 71.8 189.8 
36 50 7.3 125.4 65.0 190.4 
55 go + 17.7 176.6 57.0 233.6 
73 70 8.8 73-6 83.2 156.8 


Serial determinations 


40 40 4.0 I21.0 196.2 317.2 
60 6.7 aera paah ail 
25 2.8 176.5 223.5 400.0 
61 40 ot 4.6 137-7 70.0 207.7 
+ 


30 3.2 56.5 116.8 173.3 


C. Carcinoma of liver 
I 50 oS 5.5 36.0 203.7 
49 5 nil 150.0 219.5 
*67 15 0.5 ee 


D. Liver abscess 


**24 20 1.2 150.0 95.5 
57 35 + 4-3 115.0 115.0 





* Indirect Van den Bergh. ** Delayed Van den Bergh. 


jaundice ; 50% of all these cases showed a normal SGO-T level, and the rest a moderate 
elevation not exceeding 73 units. 50% gave a normal phosphatase level, while the 
rest had an elevation of up to 36.5 units. Case 33, admitted with clinical signs of 
jaundice, showed an elevated cholesterol of 317.6 mg% with an icteric index of 50 
and bilirubin 5.8 mg%, while the rest gave normal cholesterol with esterified choles- 
terol almost equal to or lower than free-cholesterol. 37.5% of these cases showed 
cephalin-cholesterol flocculation, while none gave positive Takata-Ara tests. 

Six cases of jaundice (due to undetermined causes) behaved like the two cases 
of amoebic hepatitis with jaundice. 75% showed an increase of albumin over globulin. 
The total proteins were much higher than in the cases of cirrhosis. The highest SGO-T 
level was 450 units in case 36 (serum jaundice) with normal phosphatase and choles- 
terol but increased icteric index and bilirubin; others had a moderate SGO-T ele- 
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vation of 40 to 117 units with a high phosphatase activity of 18.3 to 52.8 units and 
cholesterol from 156.8 to 317.2 mg%. The case of serum jaundice behaved in the 
same way as infective hepatitis. 

Cases 40 and 61 were repeated at intervals of a fortnight and a week respectively. 
Both cases, with initial icteric indices 60 and 40 respectively, showed a fall in the 
indices, bilirubin, thymol turbidity and SGO-T from the initial levels. Despite this 
fall, case 40 showed an appreciable rise in phosphatase activity from 41.7 to 70 units, 
and also in free, esterified and total cholesterol despite unequal intervals as compared 
with case 61. It appears that clinical progress and improvement in laboratory findings 
are not guided by time alone, but by the type of disease and other associated factors. 

Case I (carcinoma of liver with jaundice) showed a transaminase level of 38 units, 
and elevated phosphatase (33 units) and cholesterol (203.7 mg%) levels with normal 
total proteins associated with increased albumin and reduced globulin. Case 49 
without jaundice showed an elevated SGO-T level of 103 units, phosphatase 15 units 
and total cholesterol 219.5 mg% with a ratio of free to esterified cholesterol of I : 2. 
These results indicate a larger size and greater malignancy of tumour than in case I. 

Two cases of liver abscess showed a normal SGO-T level with elevated cholesterol 


and phosphatase but reduced protein values. 
DISCUSSION 


SGO-T determination seems to be a useful guide in the diagnosis and control 
of infective hepatitis. In the cases of infective hepatitis examined, the enzyme 
activity reached its peak, a few days after the clinical manifestations of jaundice 
and did not return to normal within two to three weeks. However, in severe cases 
of myocardial infarction (from a study of cardiovascular disorders !* the SGO-T level 
rose to a peak 24-48 h after the onset of symptoms, then fell gradually for three to 
four days and returned abruptly to normal thereafter. WROBLEWSKI AND Lu DUE® 
reported that the activity returned to normal levels within 4 weeks in 16 patients with 
infective hepatitis, whereas SELIGSON!’ observed that it remained markedly high even 
after two weeks. 

Three of the 31 patients with intective hepatitis had no clinical signs of jaundice 
on admission. The laboratory findings for these patients did not vary from those 
for the remaining 28 patients. Of the 28 patients 22 gave an immediate Van den 
Bergh reaction and the rest biphasic. The SGO-T levels did not appear to be 
related to any of the liver efficiency tests. As the SGO-T level fell after 4-5 days’ 
treatment, the phosphatase activity persisted and sometimes abruptly rose and 
continued to fall after several days’ treatment. The transaminase activity reflects 
the degree of liver necrosis, while the phosphatase elevation indicates failure of the 
liver to secrete the enzyme into the bile, or regurgitation of the enzyme from the bile 
into the blood. This is so with all the diseases investigated. The clinical progress 
of the patient was checked by the icteric index, bilirubin and plasma proteins. Positive 
cephalin—cholesterol tests with increased thymol turbidity were noted in the diseases 
investigated. The flocculation tests were positive in all cases where there was an in- 
crease in y-globulin and a decrease in plasma albumin. 

In about 82% of these liver diseases the esterified cholesterol was equal to or 
slightly less than the free cholesterol. Hence differential estimation of cholesterol, 
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though not performed as a routine liver efficiency test, may be of diagnostic value 
for liver diseases. 

Thirteen of 29 patients had total plasma proteins below the normal range of 
5.8-8.6 g% 11. This indicates the nutritional requirements of the patients. In most 
of these cases the albumin was either equal to or less than globulin; but in most 
cases of cirrhosis of the liver a definite increase of globulin over albumin was noted. 
It may be that the synthesis of albumin by liver is arrested thus causing a rise in 
globulin. This differential protein estimation is a valuable aid in the diagnosis of liver 
diseases. 

About 86% of the liver diseases with positive cephalin—cholesterol tests and 
elevated alkaline phosphatase activity before the appearance of jaundice showed 
liver damage. These investigations suggest that jaundice appears in severe liver 
damage. 

In case 45, bilirubin reached its maximum of 9.3 mg% 25 days after treatment 
and then gradually fell to normal. The phosphatase and transaminase activity reached 
the peak levels of 24 and 400 respectively a week after onset of clinical manifestations 
(jaundice). Unlike the phosphatase, the transaminase activity seems to be connected 
with the clinical progress. While the transaminase activity fell from the peak level, 
the serum bilirubin with its icteric index fell slightly, remained elevated and then 
continued to fall for nearly a month. Thereafter the liver tests showed marked 
improvement as the SGO-T level approached normal. 

In cases 18, 26 and 56, the icteric index with bilirubin fell as the transaminase 
activity rose from the initial levels. These showed a highly significant inverse re- 
lationship. The transaminase test is not specific for liver efficiency determination. 
The liver tests reflect the extent of damage to functional efficiency. With return 
to normal hepatic efficiency the liver tests gave normal results, while the SGO-T 
activity remained persistently above normal. Probably when injury is caused to 
liver, the tissue which becomes necrosed requires a longer time for repair than the 
restoration of the functional efficiency. 

Case 41 admitted for abdominal pain with no clinical evidence of jaundice 
developed jaundice a week after admission. The clinical data suggested infective 
hepatitis. A week after the onset of clinical manifestations the icteric index rose 
from 40 to 60 units with a biphasic Van den Bergh reaction, and bilirubin rose from 
4 to 6.7mg%. A fortnight later the biphasic reaction persisted, bilirubin fell to 
2.8 mg%, SGO-T fell from 73 units to normal and urine bile and urobilinogen per- 
sisted, while total cholesterol rose from 317.2 to 400 mg%, and phosphatase rose 
from 41.7 to 70 units. These data pointed to obstruction of the bile duct ; eventually 
stones were discovered in the gall bladder and the case was classified as obstructive 
jaundice due to gallstones in the bladder. 

Case 57 (liver abscess) with icteric index 35 and serum bilirubin 4.3 mg% with 
bile and urobilinogen in the urine indicated a definite obstruction of the bile duct 
but no injury to the liver tissue as shown by low SGO-T activity. A case of carcinoma 
of gall bladder gave an elevated SGO-T activity of 400 units. It is worth noting that 
malignancy is associated with tissue damage. SGO-T activity rose in conjunction 
with the degree of tissue injury as illustrated by this and 103 units in a case of 
carcinoma of the liver. 

In the severe cases of infective hepatitis high SGO-T elevations not exceeding 
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g60 units were noted, while in obstructive jaundice elevation is moderate!*. MADSEN 
et al.1? reported higher elevations in infective hepatitis, while WROBLEWSKI e¢ al.® 
found a range of 40-100 in patients who had normal liver function tests, 100-350 in 
4 patients who showed serum bilirubin less than 1 mg%, and 3g90-1,800 in 3 patients 
who showed an increase of bilirubin from 2.3 to 6.9 mg%. 

Of 20 cases of cirrhosis of the liver 17 had a SGO-T level of less than 100 units; 
this agrees with the results of WROBLEWSKI é al.°. 
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SUMMARY 


1. High elevations of serum glutamic oxalacetic transaminase were noted in 
cases of infective hepatitis and of carcinoma of the liver and gall bladder, and 
moderate elevations in cirrhosis of the liver and amoebic hepatitis. 

2. Cases of cirrhosis of the liver and amoebic hepatitis showed normal to 
moderate elevation of alkaline phosphatase, while those of jaundice and infective 
hepatitis showed higher elevations. 

3. In most cases of the liver diseases esterified cholesterol was lower than free 
cholesterol. The Takata-Ara test was positive in most cases of cirrhosis of the liver. 


4. The plasma protein content was lower in infective hepatitis, cirrhosis of the 
liver and liver abscess than in the other diseases investigated. It was much lower 
in the late than in the early stage of cirrhosis. Globulin was equal to, or greater 
than albumin in about 60% of the diseases. 

5. The serum glutamic oxalacetic transaminase levels showed no correlation 
with any of the liver efficiency tests. 
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CONCERNING CHEMISTRY AND TESTING 
OF BENCE-JONES PROTEINS* 


B. JIRGENSONS, T. IKENAKA ann V. GORGURAKI 


The University of Texas, M. D. Anderson Hospital and Tumor Institute, 
Department of Biochemistry, Houston, Texas (U.S.A.) 


INTRODUCTION 


The Bence-Jones proteins are known to display a high degree of individuality 
in various properties, such as amino acid composition, electrophoretic mobility, and. 
molecular weight, and excellent reviews are available on this subject! 2. Even the 
characteristic redissolving on boiling (at pH 4.7—5.5) is not shared equally by all 
individual specimens. Several years ago, one of the authors of this paper proposed a 
new test ?-5 which has been successfully applied in this hospital. 

The purpose of this communication is to present our observations on two 
individual specimens of Bence-Jones proteins. The testing problem is considered in 
connection with the amino acid composition. The terminal amino acids also were 


determined. 
EXPERIMENTAL METHODS AND RESULTS 


A. Isolation and general properties of the specimens 


The proteins were isolated from the urine of patients with the diagnosis of 
multiple myeloma. The 24-h collected specimens were filtered, and the pH of the 
urine was adjusted to 4.8 by adding acetic acid. The protein was precipitated by 
slow addition of saturated ammonium sulfate under stirring, and it was observed 
that the precipitate began to form at approximately 55% saturation. The precipitate 
was removed, washed with saturated ammonium sulfate, and dissolved in water. 
The solution was then dialyzed until free of sulfate, and the aqueous solution of the 
protein was lyophilized. The specimens, which were slightly colored, were dissolved 
and the colored impurities were removed by running the solutions through a diethyl- 
aminoethyl (DEAE) cellulose ion exchanger*®. The protein was washed down with 
phosphate buffers starting with a 0.05 M buffer of py 8.0, and forming a gradient 
with another 0.2 M buffer of pH 7.0. Only one peak was formed on such treatment, 
and the colored impurities were completely removed. The solutions were dialyzed 
and lyophilized. Two individual Bence-Jones proteins were isolated and their prop- 
erties were as follows: 

Specimen Ti. Electrophoresis on paper in sodium barbital buffer of pH 8.4 
revealed a single component which has the mobility of the 6,-globulins; the protein 
moved in one compact spot. Sedimentation in the analytical ultracentrifuge showed 
one slightly asymmetric peak. The solution of the protein (of pH 5.5, glycine buffer 








* Supported in part by grants from the National Cancer Institute, N.I.H., U.S. Public 
Health Service, Grant NCI-1785, and the Robert A. Welch Foundation, Houston, Texas, Grant 


‘G-O51. 
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of ionic strength 0.05) flocculated at 55°, and it redissolved completely on boiling. 
The dry protein contained 16.5% nitrogen, and only traces (0.1%) of hexose. The 
specific rotation of this specimen, when in the native state, was [#]?2, = —54.3°, and 
its dispersion constant (A,) was 203.4 mu’. 

Specimen Pu. When tested under the same conditions as Ti, this specimen had 
the mobility of 6,-globulins, 1.e. traveled on the paper strip faster than the other 
specimen. Sedimentation in the analytical ultracentrifuge showed one symmetric 
peak. The solution flocculated on heating (under the same conditions as Ti) at 58°, 
and it partially redissolved on boiling. The protein contained 16.3% nitrogen and 
0.28% hexose. The specific rotation of the solutions was surprisingly low, viz. 


[or]25,, = —41.9°. and its dispersion constant was also unusually low — 177.8 my’. 


B. Chromatographic subfractionation of T1 


Although the specimen Ti was homogeneous in electrophoresis, the asymmetry 
of the sedimentation peak prompted the undertaking of further fractionation. This 
was accomplished by the DEAE cellulose ion exchange chromatography *. Resolutien 
into three subfractions indeed could be achieved by simply decreasing the ionic 
strength of the buffers. About 35 g of DEAE cellulose was suspended in 0.005 M 
phosphate buffer of pu 8.0 (buffer I), and poured into a chromatographic tube 70 cm 
high and 2.5 cm in diameter; the tube was enclosed in a condenser jacket and cooled 
to 5°. The ion exchanger was allowed to settle under an air pressure of 50 cm of water 
until a constant height of 60 cm was established and then it was washed with the 
same buffer. 550 mg of Bence-Jones protein (Ti) was dissolved in 10 ml of buffer I 
and placed in top of the column. The flow rate was about 30 ml per hour, and 7 ml 


portions of the effluent were collected on an automatic fraction collector. After 
collecting 32 tubes, the gradual decrease of pH and increase of ionic strength was 
begun. For this purpose a mixing chamber of 500-ml capacity, which was filled with 
buffer I, and a reservoir, which contained 0.02 M phosphate buffer of pH 7.0, were 
used. The protein content of each tube was determined by Lowry’s method, and 
the results are presented in Fig. 1. Each of the three subfractions were dialyzed and 
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Fig. 1. Chromatographic subfractionation of 
Bence-Jones protein (Ti) by means of DEAE 
cellulose. (A detailed description in text). 
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lyophilized. Subfraction I amounted to 148 mg (T1), subfraction II amounted to 
75 mg (T2), and subfraction III amounted to 55 mg (T3). No differences could be 
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found in the electrophoretic mobility or specific rotation of these subfractions. With 
respect to sedimentation in the ultracentrifuge, both Tr and T2 appeared homoge- 
neous, while T3 exhibited a strongly asymmetric and faster moving peak (Fig. 2). 
Rechromatography of Tr rendered one major peak and a small additional peak. 
A repeated rechromatographing yielded only one peak. 





Fig. 2. Sedimentation of the subfractions T1, T2, and T3 in the analytical ultracentrifuge at 
56,100 rev./min. The photos were taken 64 min after reaching full speed. The sedimentation 
proceeds from right to left. Bar angle 60° in all instances. 


C. Amino acid composition 


20 mg of protein was hydrolyzed with 1 ml of constant boiling hydrochloric 
acid in a sealed tube at 105-110° for 24 h. The hydrolysate was evaporated and the 
residue was dissolved in citrate buffer of pH 3.25. Nitrogen content was determined 
by the micro Kjeldahl method. The amino acid content then was determined according 
to Moore é¢ al.* ona 105-cm column of Dowex 50-X 8; the basic amino acids were 
separated on a 15-cm column of the same resin instead of the 150-cm and 1I5-cm 
column of Amberlite IR-120. The temperature (50°) and buffers were the same as 
used by Moore ¢é al.*. The flow rate was 4-5 ml/h for the 105-cm column and 
12-15 ml/h for the 15-cm column. The effluent was analyzed photometrically by 
heating with ninhydrin solution by the old method of MooRE AND STEIN ?® 11, 

Cystine and cysteine content was determined by AKABORI’s hydrazinolysis 
method!*. About 10 mg of protein was hydrazinolyzed with 0.5 ml of hydrazine 
hydrate in a sealed tube at 105-110° for 17 h. Hydrogen sulfide produced from the 
cystine and cysteine of the protein was driven into a zinc acetate solution and deter- 
mined by acolorimetric method utilizing Caro’s reaction, in which methylene blue is 
formed. Tryptophan was determined by the method of SPIES AND CHAMBERS (proce- 
dure M) 1%. The results are compiled in Table I. 


D. Terminal amino acids 


Dinitrophenylation of the protein specimens was carried out in the presence of 
sodium bicarbonate in 66% alcoholic solution by the fluorodinitrobenzene method of 
SANGER "4, The DNP-protein was washed with water, alcohol and ether, dried in a 
vacuum desiccator, and hydrolyzed with constant boiling hydrochloric acid in a 
sealed tube for 8 h at 105—110°. The ether-soluble DN P-amino acids were chromato- 
graphed and estimated by two-dimensional paper chromatography, in which the first 
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TABLE I 


AMINO-ACID COMPOSITION OF BENCE-JONES PROTEIN Pu, AND OF THE SUBFRACTIONS TI, T2, AND T 3 
(in per cent N of protein N)* 








Pu TI T2 T3 
Aspartic acid 7.64 6.86 7.34 7.15 
Threonine 6.36 4.90 5-37 4.83 
Serine 9.80 11.33 9.61 9.79 
Glutamic acid 8.12 7.87 8.38 7.48 
Proline 4.99 5.03 6.29 6.74 
Glycine 4.72 4.88 5-44 4.78 
Alanine 2.74 4.41 4.64 5.07 
Cystine + cysteine 1.40 1.33 1.23 1.04 
Valine 4.31 6.04 4-77 4.55 
Methionine 0.21 0.83 0.61 0.56 
Isoleucine 2.69 2.22 2.01 2.19 
Leucine 6.27 7.66 7.09 7.12 
Tyrosine 3.72 3.24 2.97 3.08 
Phenylalanine 2.77 2.93 3.00 2.93 
Lysine 8.90 6.90 8.76 8.26 
Histidine 2.93 2.82 3.50 3.24 
Arginine 10.41 10.78 9.90 10.75 
Tryptophan 1.48 1.32 1.32 
Amide N 8.46 6.56 8.46 8.25 
Total 96.44 98.07 100.75 99.13 





* The threonine and serine content is not corrected for losses during acid hydrolysis. 


and second solvents used were the upper layer of a mixture of tertiary amy] alcohol, 
ethanol, chloroform, and 0.8 N ammonium hydroxide (6:3:2:9) and a solution of 
1.5 M phosphate buffer of pH 6.0, respectively. The yellow DNP-amino acid spots 
were cut from the paper and eluted with 1% sodium bicarbonate solution, and the 
optical density was read at 360 mu by the method of LEvy™. 

DNP-aspartic acid was found on the chromatograms as the N-terminal group 
of Pu and of T1, T2, and T3. Aside of this, another unexpected orange spot was also 
found on the paper chromatograms of the ether-soluble DNP-amino acids of the 
hydrolysates of Pu and of T1. Chromatographic analysis indicated that this might be 
the decomposition product of di-DNP-cystine by acid hydrolysis. In order to confirm 
this, the specimens Pu and Ti were oxidized by a modification of BETTELHEIM’s 
method !*, About 30 mg of DNP-protein was dissolved in 1 ml of 98% formic acid; 
to this was added 2 ml of performic acid, which was prepared by allowing a mixture 
of 1.8 ml of formic acid and 0.2 ml of 30% hydrogen peroxide to stand for 1h at 
room temperature. The oxidation was allowed to continue overnight in a refrigerator. 
The oxidized DNP-protein was precipitated with ether, redissolved in formic acid, 
and reprecipitated with ether several times; it was then washed with ether and dried 
in a vacuum desiccator. The oxidized DNP-protein was hydrolyzed with hydro- 
chloric acid, the DNP-aspartic acid removed by extraction with ether, and the 
suspected DNP-cysteic acid was detected in the aqueous layer. The latter was 
evaporated up and the residue was dissolved in 2 ml of water, placed on a 0.9 x I0 cm 
column of Dowex 50-X8 (H form, 100-150 mesh), and washed with 0.1 N hydro- 
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chloric acid. All amino acids and e-DNP-lysine were adsorbed on the column, while 
DNP-cysteic acid and cysteic acid were passed through the column. The eluate was 
evaporated up im vacuo, and the residue was dissolved in 2 ml of N hydrochloric acid 
and placed on a 2 x 3 cm column of talc—celite (1:1). To remove cysteic acid, 20 ml 
of N HCl was passed through the column. The yellow band was then eluted with a 
mixture of N HCl and ethanol (1: 4) and evaporated 7m vacuo. The residue should have 
contained only DNP-cysteic acid. This was confirmed by one-dimensional paper 
chromatography, using the upper layer of a mixture of »-butanol—acetic acid—water 
(4:1:3) as the solvent. The quantity of DNP-cysteic acid was also determined, taking 
into account the losses during acid hydrolysis, extraction, and chromatography. 
It was estimated that these losses for both DNP-aspartic acid and DNP-cysteic acid 
amounted to approximately 40%. Assuming a molecular weight of 30,000 for T1, 
T2, and T3, it was found that all of the subfractions contain about one mole terminal 
aspartic acid per mole protein, while the DNP-cysteic acid in Tr amounted to 0.6 
mole per mole protein. The specimen Pu contained about the same proportion of 
N-terminal aspartic acid and half-cystine as T1, while T2 and T3 were devoid of 
N-terminal half-cystine. 

The C-terminal amino acids were determined in T1, T2, and T3, whereas the 
amount of Pu available was too small in order to do this study. Attempts to determine 
the C-terminal groups by the carboxypeptidase method gave inconclusive results. 
In the instance of T1, many amino acids appeared in very small quantities upon the 
digestion with carboxypeptidase. Better results could be achieved by the hydrazino- 
lysis method of AKABORI é al.17. About 10 mg of the protein was dried at 100° under 
reduced pressure and hydrazinolyzed with 1 ml of anhydrous hydrazine in a sealed 
tube at 105-110° for 5 h. After removal of the excess of hydrazine, the residue was 
treated with isovaleraldehyde (in order to remove amino acid hydrazides and the 
remaining hydrazine) and then dinitrophenylated by the usual method. The DNP- 
derivatives of the C-terminal amino acids were separated from the other DNP- 
derivatives by fractional extraction, and determined by paper chromatography. 
About 0.6 moles of glycine (after correction) were found as the C-terminal per mole 
of T2 (assuming a mol. wt. of T2 = 30,000), while Tr and T3 yielded only very small 
amounts of aspartic acid, glutamic acid, serine, alanine, and threonine. The same 
amino acids were found also in T2, but in amounts less than 0.1 mole. DREZE found 
leucine as C-terminal in two samples of five by the carboxypeptidase method !8, 


E. The propanol flocculation as a new test for Bence-Jones protein 


One to 4 ml of urine (or protein solution), depending on the concentration of 
protein, were used and various amounts of propanol added. The final volume of each 
tube, the amount of protein, and the pi in a single series were constant. The pu of 
the urine was adjusted, by adding acetic acid, to 4.8—5.0. The presence of Bence- Jones 
protein in the urine is indicated by the appearance of a turbidity peak at 15-25 vol.% 
propanol, on a plot of turbidity versus propanol concentration (Fig. 3). If albumin is 
present in the urine, flocculation occurs only in the mixtures containing 50 volumes, 
or more, propanol. Since the propanol flocculation of urinary Bence- Jones proteins is 
associated with denaturation, the temperature effects are very pronounced. The 
characteristic Bence-Jones protein turbidity peaks appear at room temperature of 
20-25° but are usually absent at a lower temperature of +4 to +10°. At 37° the 
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turbidity peaks appear faster, and at a somewhat lower propanol concentration, than 
at room temperature. Ethyl- and methyl alcohols or acetone also can be used, but the 
turbidity peaks with these denaturing agents and precipitants are less distinct than 
with n-propyl alcohol. As seen in Fig. 3, the propanol flocculation of the isolated 
Bence- Jones protein (unfractionated Ti) is practically the same as the urine floccula- 
tion, and the same has been observed earlier with many other individual cases. 





in Optical density 


On 


1.0 
Fig. 3. Flocculation of urine ora 
Bence- Jones protein solution with 
various amounts of propanol. 
circles, urine at 37°. Squares, 
Bence-Jones_ protein solution 
(0.2% protein, pH 4.9) at 37°. _e* 
Discs, Bence-Jones protein solu- 5 10 15 20 apaeaaae: 50 50 7 
tion (0.2% protein, pH 4.9) at 5°. Vol: %e propanol 











DISCUSSION AND CONCLUSIONS 


The two individual proteins described in this paper are typical examples of 
Bence-Jones proteins, since they redissolved on boiling, yielded the characteristic 


turbidity peaks on propanol flocculation, and had the typical amino acid composition 
of this class of proteins. The greatest differences between the specimens were found in 
their electrophoretic mobility and optical rotatory properties, while the amino acid 
composition was found to be practically identical. The methionine content was very 
low, the serine content very high. Somewhat unusual in both, in comparison with the 
results found on other specimens by other authors!: 2, is the high arginine content of 
our specimens. The specimens appeared similar also in the N-terminal amino acids. 
Most remarkable, however, is the inhomogeneity of one of the specimens, as well as 
the presence of half-cystine as a second N-terminal group in the subfraction T1 and in 
Pu. Unfortunately, the amount of Pu available was so small that it was impossible to 
attempt to subfractionate it. Since the subfractions Tr and T2 were homogeneous 
in both electrophoresis and sedimentation, and since they were more homogeneous in 
sedimentation than the original Ti, it is unlikely that these subfractions might be 
artifacts produced in chromatographing the protein. This, however, probably does 
not apply to T3 which appeared inhomogeneous in the ultracentrifuge and sedimented 
faster than the other subfractions. Since refractionation of Tr on the DEAE cellulose 
column yielded an additional small second peak, it is possible that the resolution at 
the ionic strength and flow rate used has been still somewhat incomplete. This was 
confirmed by a second rechromatography of the major peak which then gave only 
one component. T1 seems to differ from T2 only in a slight difference in amino acid 
composition, and especially in the N-terminal groups. 

The peculiar propanol flocculation curves of these and other Bence- Jones proteins 
seem to be due to characteristic amino acid composition, 1.e., the high content of 


References p. 882 





882 B, JIRGENSONS, T. IKENAKA, V. GORGURAKI VOL. 4 (1959) 


hydroxyamino acids. It has been shown earlier by one of the authors of this paper 
that more of Bence-Jones protein can be directly dissolved in 50% aqueous propanol 
than in 20% propanol, and that the Bence- Jones proteins are sensitive to denatura- 
tion‘. Denaturation and flocculation at 37° occurs already in the presence of 10-15% 
propanol; the same to an even greater extent, occurs at 30-60% propanol, but the 
denatured protein at such water—propanol proportions is solubilized due to the affinity 
of the solvent to the protein. The turbidity maxima and minima have nothing to do 
with the inhomogeneity of the protein, since similar turbidity curves have been 
observed with either homogeneous or inhomogeneous specimens. 

Summarizing our observations on the clinical value of the propanol flocculation 
test, we can say that it was positive in all of the approximately 20 cases encountered 
thus far, when a sufficient concentration of a Bence-Jones protein was present in the 
urine. In the case of albuminurea, the first peak at 15-25% propanol is absent, and 
the turbidity increases with increasing propanol concentration. However, a flat 
turbidity peak at 20-40 vol.% propanol can be observed in proteinurea in absence of 
any multiple myeloma or similar ailments, and the validity of the test is depreciated 
by the possibility of false positives. The flat turbidity peak at 20-40 vol.% propanol 
is due to some globulins which may be present in the urine. 


SUMMARY 


The amino acid composition and terminal amino acids of two typical individual 
specimens of Bence-Jones proteins were determined. The amino acid composition of 
the specimens was very similar, and it was noteworthy with its high hydroxyamino 
acid content. Subfractionation of one of the specimens was accomplished by the 


diethylaminoethy] ion exchange chromatography. It was also found that the specimens 
contained half-cystine, in addition to aspartic acid, as the N-terminal group. The half- 
cystine, however, was present only in one of the subfractions, while the others were 
devoid of it. The proteins showed the characteristic propanol flocculation behavior 
which can be used for their testing in urine for diagnostic purposes. 
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THE HALF-LIFE OF GALACTOSE AND BROMSULFALEIN 
IN PATHOLOGICAL CONDITIONS 


C. L. J. VINK 
with the technical assistence of 
Miss A. A. KROES 
Pediatrics Department*, University Hospital, Leiden (The Netherlands) 


INTRODUCTION 


Recently we described the use of half-life (¢,) as a measure of the overall elimina- 
tion rate of galactose and of bromsulfalein from the blood?. These ¢,-values appeared 
to be dependent on age?, as a result of hepatic and extrahepatic influences. By means 
of control groups it was possible to standardize these function tests and to introduce 
some standards, which are hardly dependent on age. 

The purpose of this article is to study ¢, of galactose and of bromsulfalein in some 
extra-hepatic pathological conditions (kidney disease and disturbances in growth and 
in circulation) and in hepatic disease to judge the significance of these liver function 
tests. 


EXPERIMENTAL 


A. Selection of cases and methods 
Table I gives a survey of the number of controls and of patients with some ex- 
trahepatic and hepatic diseases, studied with the galactose and bromsulfalein test. 


TABLE I 
NUMBER OF CONTROLS AND PATIENTS STUDIED WITH THE GALACTOSE AND BROMSULFALEIN TEST 





Diagnosis Total Galactose Bromsulfalein 





Control group 135 go 
Kidney diseases 8 8 
Growth disturbances 12 9 
Circ. disturb. 45 28 
Liver cirrhosis 15 II 
Hepatitis 16 10 





The galactose and bromsulfalein tests were performed as described in a previous 
article’. Many of our patients were children, so that #,/L, t;/BM+tn and ¢, - BM, pro- 
vided comparable results for all age-groups?. In disease we used the same value for 
the basal metabolic rate as in normal men. 


B. Extrahepatic diseases 


We found in some extrahepatic diseases that the mean elimination rate of galac- 
tose and bromsulfalein was slightly decreased, although there was no evidence of 


liver disease. 





* Head: Prof. Dr. G. M. H. VEENEKLAAS. 
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In Table lf the results of the galactose test are summarized, and in Table III 
those of the bromsulfalein test. 


TABLE II 


MEAN HALF-LIFE VALUES OF GALACTOSE WITH STANDARD DEVIATION 0 OF THE OBSERVATIONS! 
The difference between the means of the pathological and the means of 
the control group is significant if P < 0.05. 




















aii wiere gash ty/L ty/BM in ty - BM 
tagnosis of —_——____— ——— ae 
patients Mean o P Mean o a Mean o P 
Control group go 7.98 1.15 — 13.9 2.0 — 7.87. 1.30 — 
Kidney diseases 8 10.3 1.10 <0.001 18.7. I.90 <0.001 9.36 1.56 0.01 
Growth disturb. 9 10.3 2.06 0.001 21.3 4.49 <0O.00I 7.92 1.56 0.96 
auric. s. d. II 8.84 1.91 0.15 16.8 3.59 0.42 8.43 1.90 0.15 
Circul. portal hyp. 4 10.6 0.99 <0O.00o1 18.8 1.35 <0.001 10.1 1.19 <0.001 
disturb. ] sept. prim. defect I 12.5 —_ — 22.3 — — 11.2 — as 
remainder 12 8.89 2.98 0.30 15.9 4.82 0.15 8.39 2.79 0.44 
TABLE III 


MEAN HALF-LIFE VALUES OF BROMSULFALEIN WITH STANDARD DEVIATION O OF THE OBSERVATIONS! 


The difference between the means of the pathological and the means of 
the control group is significant if P <0.05. 











Number 4/1 t1/BM tn y- BMs 
Di ’ Pie th tn, MEE 
a sists Mean oa P Mean oa P Mean o P 
Control group 45 2.74 0.48 — 4-69 0.92 — 2.75 0.50 — 
Growth disturb. 3 3-33 — = 6.47 — _ 2.72 — — 
Circul. auric. s.d. 16 3-48 0.79 <0.001 6.58 1.44 <O0.00I 3.34 0.77 0.01 
disturb. | sept. prim. defect I 5.1 — ~~ g.I — — 4.58 — —- 





It is difficult to explain the cause of the significantly increased ¢,/L, t,/BM¢n and 
t, - BM, values of galactose in kidney diseases (nephrosis and nephritis). It is known, 
however, that a relation exists between renal disease and cardiovascular disorders?. 
Renal disease may be either the cause or the result of hypertension, a factor which 
may influence our test. Although only 3 of our 8 patients with kidney diseases suffered 
from the nephrotic syndrome, it is of interest to note that ALBEGGIANI# recently found 
liver damage in these cases on histological investigation of liver punctates. 

In the groups of children with growth disturbances (with unknown etiology) the 
mean difference in length between these patients and those of the same age of the 
control group amounted to —17 cm. This may be the cause of the increases in #,/L 
and ¢,/BM¢n, although the loading with galactose and bromsulfalein was based on the 
actual body weight of these patients. A point in favour of the use of BM; in growth 
disturbances is that ¢, - BM; gave normal results. The physiological decrease of 
BM, with increase of age may be the cause of normal results in this group. 

The two groups of 28 and 17 patients with circulation disturbances consisted 
almost entirely of children with congenital heart and circulation anomalies (auricular 
septal defect, portal hypertension, patent ductus Botalli, ventricular septal defect 
and aortic stenosis). In the auricular septal defect all mean values were increased, 
although only significantly in the bromsulfalein group. In portal hypertension the 
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elimination rate of galactose was decreased. In a case of septum: primum defect, both 
the galactose and bromsulfalein tests showed pathological results. 

It is understandable that some of these disturbances may cause prolonged half- 
life values, for the circulation is an important factor in the transport mechanism of 
any loading substance. 


C. Hepatic diseases 


It is a well-known fact that in liver disease the rates of disappearance of galactose 
and bromsulfalein are reduced. This is evident from Figs. 1 and 2, which show the 
(uncorrected) ¢,-values of two 8-year-old boys, who were admitted with hepatitis. 


Conc. galactose in mg/t0OmI 








Extinction 
10005 





June 14th,1957 
t 4236.3 min 


July 17th,1957 

Oct. 26th, t%=11.4 min 

t=179 min 

Nov. 9th, 
1954 

t -116 min 





Nov 22nd, 
1054 | 
t= 807min 














5 10 & 20 2 30 35 5 10 15 
Time in min Time in min 
Fig. 1. The course of ¢; of galactose Fig. 2. The course of 4; of bromsulfalein during 
during recovery from hepatitis. recovery from hepatitis. For the interpretation 
of extinction see BSP determination under ref.!. 


As the differences between the /3-values in the controls and in patients with 
liver disease were highly significant, statistical analysis of these results was omitted. 

Galactose. Table IV summarizes the results of the galactose test in patients with 
liver disease. 


TABLE IV 


THE MEAN VALUES OF /;/L, t;/BM,n AND ty - BM, OF GALACTOSE IN LIVER DISEASE, COMPARED 
WITH THOSE OF 90 CONTROLS 





Number of Mean Mean Mean 


engnneet patients 1, /L )/BMy, ty: BM, 





Control group go 7.98 13.9 7.87 
Compensated cirrhosis II 14.6 24.9 14.1 
Hepatitis (chronic) 7 13.9 24.7 13.9 
Hepatitis (acute) 3 20.0 31.5 20.6 
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Although we only had some patients with hepatitis it is possible to conclude, that in 
acute hepatitis ¢, is higher than in the chronic form. 

We calculated ¢, and its corrected values from the group of COLCHER and co- 
workers®, which was composed only of adults with liver diseases. In these calculations 
we used the same assumptions for the mean values of L, BM:, and BM,, as described 
previously? under D. Table V gives the converted results of COLCHER and co-workers. 


TABLE V 


MEAN VALUES OF #;/"L’’, ¢;/“BMj;”’ AND tj - ““BM,’’ FOR GALACTOSE APPROXIMATED FROM THE 
INVESTIGATIONS OF COLCHER ét al.® 








Diagnosis Number of Mean Mean Mean 
patients /L” A/“BM"' py ty: “BM,” 
COLCHER’S controls 10 7.6 12.5 7.46 
Decompensated cirrhosis 19 19.2 31.8 19.0 
Compensated cirrhosis 7 13.8 22.9 13.7 
Chronic passive congestion 
of the liver 10 14.2 23-5 14.0 
Acute hepatitis 9 21.0 34.6 20.7 





It is evident from Tables IV and V that in liver disease the mean values of 4/L, 
44/BM:, and t3 - BM, are considerably higher than in controls, and higher than in 
some extra-hepatic diseases (Tables II and III). 

In extra-hepatic obstructive jaundice we found in one case normal, and in another 
case slightly increased ¢3-values. It is known that in the initial stages of the obstruc- 
tion this “‘surgical’’ type of jaundice can be distinguished from the “‘medical’’ (paren- 
chymatous) type by means of the galactose test (e.g.°). 

In two patients with galactosaemia we found #1 values higher than 150 min. In 
these patients 71 of bromsulfalein was initially also pathological, but became normal 
during treatment with lactose-free milk. 

In one patient with liver cirrhosis a normal galactose test was found. This patient 
had, on autopsy, a cirrhotic liver with strong regeneration, and a hepatocellular car- 
cinoma. It is possible that, in this case, the strong regeneration was the cause of a 
normal functional reserve of the liver for galactose (see, inter alia,’). 

Bromsulfalein. Table VI shows the value of the bromsulfalein test in hepatitis 


and liver cirrhosis. 
TABLE VI 


MEAN VALUES OF 44/"L”’, ¢;/““BM¢p’’, AND tj - ““BM,”’ OF THE BROMSULFALEIN TEST OF PATIENTS WITH HEPATITIS 
AND LIVER CIRRHOSIS, COMPARED WITH CONTROLS 




















sie Hepatitis Liver cirrhosis 
Authors 8° Dose of BSP 

group Number ty/L” t/”BMyy” ty +” BM,” Number t,/”L” ty/” BM,” ty BM,” 
INGELFINGER et al.® Adults 150 mg/sq¢j.m. — — — — 35 10.5 17.3 10.4 
LAVERs et al.® Adults 5 mg/kg bw. — — — — — — — — 
GoopMan!° Adults 5 mg/kg bw. — — — — 5 11.0 18.2 10.9 
BIRKENHAGER!! Adults 4mg/kgb.w. 6 6.4 10.6 6.3 o 334 18.9 }§611.3 
Dost et al.” Children 5 mg/kg bw. 7 13.3 24.6 12.0 ’ 76.3 3.0 19.4 
ae liver disease Chiefly 5 mg/kg bw. 6 14.9 28.7 12.9 4.544 19.2 9.4 
tigation children — 4 

controls 5 mg/kg b.w. 45 2.74 4.69 2.75 45 2.74 4:69 2.75 
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The results of other authors were converted into our age-“independent”’ ter- 
minology (see? under D) and are therefore approximations. 

In hepatitis, the considerable differences between the mean values of one author 
and another may be caused by the stage and character of the disease and the small 


number of patients studied in each group. 
In liver cirrhosis the mean data agree apart from the single value of Dost. 


Number 
Fig. 3. Distribution of ¢;-values of galactose. 


205 - Liver function normal, 

@ Liver function disturbed, 

<x Disturbances in circulation, 
© Disturbances in growth, 

+ Nephrosis—nephritis. 
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Fig. 5. Distribution of ¢j-values of brom- 
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Summarizing, it may be said that in liver disease the mean half-life values of 
galactose and bromsulfalein are considerably more increased than in some extra- 
hepatic diseases (see under B). 


D. Distribution curves of half-life values 


In Figs. 3 and 4 the distribution curves of ¢; and ¢, - BM; are given for galactose 
based on 156 cases; in Figs. 5 and 6 the curves for bromsulfalein are based on 75 cases. 


25% Fig. 6. Distribution of ¢#;-BM, of brom- 
sulfalein. 
Liver function normal, 
@ Liver function disturbed, 
x Disturbances in circulation, 
© Disturbances in growth. 
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SUMMARY 


The elimination rates of galactose and bromsulfalein were studied by our age- 
“independent”’ measures. It appeared that both tests may give slightly, but signifi- 
cantly, pathological results in patients with some extra-hepatic diseases. In liver 
disease considerably decreased elimination rates of galactose and bromsulfalein were 
found. Although the influence of some extrahepatic factors is important in the galac- 
tose and bromsulfalein tests, these generally do not give such clearly pathological 
results as were found in liver disease. 
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A STUDY OF THE ISOLATED RAT DIAPHRAGM TECHNIQUE 
FOR ESTIMATING INSULIN EFFECT 


G. POZZA anv S. ERIDANI 


Institute of General Clinical and Therepeutical Medicine of the University 
of Milan (Italy) 


The enhancement of 1m vitro glucose uptake in isolated rat diaphragms by insulin 
was first reported in 1940-41 by GEMMILL!:?. Subsequently, the determination of 
the plasma insulin level was first attempted by GROEN. Using the same technique 
and theoretical basis, many authors then tried to develop a method which would 
yield accurate data on the imsulin activity of human plasma with standard values. 
which could be referred to a definite concentration of insulin itself*-°. 

The data obtained from these investigations, which involved slightly different 
techniques, are not uniform; they differ especially, when converted to insulin concen- 
tration. The values for normal subjects, according to VALLANCE OWEN, are about 
40-80 microunits/ml, and from 60-600 microunits/ml, according to GROEN; other 
authors have given widely different intermediate values. 

The differences in these results have been ascribed to many factors, among which 
are the different animal strain and the dilution of plasma. The true reason of the 
phenomenon remains elusive. 


In order to assess the possibility of obtaining consistent data on the insulin 
level of human plasma, we have developed a method which is substantially the 
same as that of VALLANCE OWEN. 


MATERIAL AND METHOD 


Rats of Wistar strain were used. They weighed about 100-110 g, and were of a 
selected homogeneous strain, either from offspring or born on the same day, and 
were fed a balanced diet and grown always in the same environment. The animals 
were kept fasting for 24 hours, and then killed by decapitation at the beginning of 
the experiment. Both hemidiaphragms were excised as soon as possible, care being 
taken to avoid breaking major blood vessels and excessive handling; they were then 
put into a Krebs-Ringer bicarbonate buffer solution, containing 140 mg % of glucose, 
at a temperature of +2°, for 20 min. in order to rinse the hemidiaphragms. Both 
hemidiaphragms were then carefully blotted on filter paper and placed in vessels. 
containing 2 ml of glucosated (300 mg %) bicarbonate Krebs-Ringer solution. 

Subsequent incubation took place for 90 min in a thermostatic bath at 37° with 
100 shakings per min. At the end of the incubation, the vessels were placed in ice, 
then the hemidiaphragms were removed, blotted on filter paper and weighed. Glucose 
was determined according to the Somogyi-Nelson method. The glucose uptake by 
the hemidiaphragms was measured by the difference of the glucose concentrations 
in the medium before and after incubation. 

Each experiment included two observations on the glucose uptake of the hemi- 
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diaphragms in Krebs—Ringer solution only and in Krebs—Ringer solution plus insulin, 
or the glucose uptake in presence of two different insulin concentrations. 

In a group of preliminary experiments, not reported here, both hemidiaphragms 
from the same animal were incubated in the same vessel, 2.e. in the same environment. 
Comparative data were thus obtained on the behaviour of hemidiaphragms from 
different animals; widely dispersed results were obtained, so that from a statistical 
point of view the increase in glucose uptake induced by insulin was not significant. 
It seemed possible that the dispersion of results could be ascribed to the variable 
physiological conditions even in animals kept with the greatest accuracy in standard 
conditions; therefore, in later experiments, both hemidiaphragms from the same 
rat were used in each experimental series. One hemidiaphragm thus acted as a control 
for the other, and the glucose uptake was determined as the difference in uptake of 


each of a pair of hemidiaphrags. 
The statistical analysis of data has been carried out according to FISHER. 


RESULTS AND DISCUSSION 


Values for the glucose uptake of each pair of hemidiaphragms, with and without 
insulin, and their relative differences are presented in Table I. Experiments were 
performed at different times and, as one can easily see, there is a certain dispersion 
of values even in basal conditions without insulin. 








TABLE I 
EFFECT OF INSULIN ON GLUCOSE UPTAKE BY THE ISOLATED RAT DIAPHRAGM 
: Control With insulin* Difference 
Experiment No. 

P mglg|h mglg|h mg |g lh 
I 5.20 10.00 + 4.80 
2 3.80 6.30 +2.50 
3 2.70 3.80 +1.10 
4 3.50 7.80 + 4.30 
5 7.20 9.00 +1.80 
6 4.10 4.90 +0.80 
7 2.30 6.50 + 4.20 
8 3.60 5.40 +1.80 
9 2.50 4.50 + 2.00 

10 7.20 8.20 + 1.00 
II 5.50 8.60 +1.10 
12 3.60 8.40 + 4.80 
13 6.10 8.40 + 2.30 
14 5.30 9.40 + 4.10 
15 8.50 10.00 +1.50 
16 7.30 9.50 +2.20 
ry 7.60 10.00 2.40 
18 7.20 9.40 +2.20 
19 6.80 10.30 + 3.50 
20 4.40 6.60 +2.20 
21 4.50 6.00 +1.50 
22 6.80 6.23 —0o.60 
23 2.80 6.10 + 3.30 
24 5.70 6.60 +0.90 
25 4-30 6.30 + 2.00 
26 5.10 7.00 +1.90 








* Concentration 10~% U/ml on 2 ml of medium. 
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Addition of the hormone, however, always produced (except in one case) a 
variable increase of glucose uptake compared to the control hemidiaphragm. 

The mean values obtained in all experiments are presented in Table II; these 
include preliminary and partial experiments, in which pairs of hemidiaphragms were 
incubated with no addition of insulin. These results show a high statistical significance 
(P < 0.001) in the difference of glucose uptake. 


TABLE II 


MEAN VALUES OF GLUCOSE UPTAKE BY THE ISOLATED RAT DIAPHRAGM 





Glucose uptake SE. 


No. imal. 
0. of animals mele lh 





Without insulin 38 5.23 +0.26 
With insulin 107% U/ml 26 7.51 +0.36 
Difference 2.28 +0.31 <0.001 





In order to establish whether the glucose uptake showed a linear relationship 
to the insulin concentration, as already shown by other authors, experiments were 
set up using scalar amounts of hormone. In each experiment, one hemidiaphragm 
was incubated with glucose standard solution without insulin, while the homologous 
one was incubated with insulin at a definite concentration. 

Each experimental group for testing different insulin concentrations was set up 
at the same time in order to use animals which were as homogeneous as possible. 
The values thus obtained are shown in Fig. 1. Because of the experimental variability 
in the absolute glucose uptake, the values referred to on the ordinate are the differences 


in the glucose utilization with respect to values obtained from the homologous hemi- 
diaphragm which was incubated without insulin. On the abscissa are given the cubic 
roots of the insulin concentration per ml (milliunits/ml) ¢. 


S- 





GLUCOSE UTILIZATION mg/g/h 

















T 


1 2 
INSULIN milliunits/ml 


Fig. I. 


The results seem to confirm the existence of a linear relationship between glucose 


uptake and insulin concentration. 
On the basis of the reported data, the following conclusions are drawn. 
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1) It has been confirmed that even very small amounts of insulin can increase 
the glucose uptake of isolated rat diaphragm incubated in vitro. 

2) The amounts of glucose utilized seem to be proportional to the insulin concen- 
tration of the medium. 

3) The remarkable variability of the glucose uptake values in single experiments 
seems to make it impossible to develop, with regard to absolute values, a direct 
relationship between glucose uptake and insulin concentration in the incubation 
medium. This variability may explain the remarkable discrepancies in the literature 
(even in experiments by the same author) among data supposedly expressing the 
insulin level of human plasma. 

4) The reproducibility of the insulin effect, particularly when pairs of homologous 
hemidiaphragms are used, seems to improve the prospects of studying insulin activity 
in some spontaneous or experimental biological conditions. 


SUMMARY 


The literature on the estimation of plasma insulin level by the rat diaphragm 
technique is surveyed briefly with particular reference to discrepancies in data on 
normal levels in human plasma. 

The difficulty of determining absolute plasma insulin levels by this technique 
is discussed. The method seems useful in estimating insulin activity by means of 
relative values. 
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APPLICATION OF THE TWO-DIMENSIONAL TECHNIQUE TO THE 
“CROSSING” PAPER ELECTROPHORESIS OF IMMUNOLOGICAL 
REACTIONS 


S. NAKAMURA, K. TAKEO, A. KATUNO anp S. TOMINAGA 
Institute for Medical Chemistry, Yamaguchi Medical School, Ube (Japan) 


Two-dimensional paper electrophoresis has been described as analogous to two- 
dimensional paper chromatography!-‘, but it has not so far been used generally. As 
discussed by DuRRuM®5, this may be due to the fact that the mobilities of proteins 
must be different in the first and second directions, otherwise they migrate diagonally, 
and the technique becomes simply one-dimensional. In order to vary the mobilities of 
proteins, the pH and ionic strength of the buffer used must be different in the two 
directions. However, the procedure of changing the pH and ionic strength is difficult 
and the ranges in which most proteins can be treated are relatively limited. The reason 
why two-dimensional paper electrophoresis, unlike two-dimensional chromatography, 
has not been utilized extensively is that there is relatively ineffective separation 
despite the rather complicated procedure. Thus the combination of electrophoresis in 
one direction with chromatography in the other appears to be more important than 
“pure” two-dimensional electrophoresis. 

In our laboratory a crossing paper electrophoresis*~* has been devised in order 
to make substances encounter each other and react on a filter paper. Obviously it is 
advantageous to separate electrophoretically a mixture into its components in the 
first direction and then to make them come across with a reactant in the second 
direction. Two-dimensional paper electrophoresis is not advantageous for the separa- 
tion of proteins, but it is very effective for the purpose of “‘crossing’’ electrophoresis. 


APPARATUS AND PROCEDURE 
A pparatus 


Two sorts of apparatus were used: a horizontal-type and a hanging-paper type 
one. The former is an enlargement of the horizontal type of GRASSMANN and HANNIG?; 
a paper sheet of 30 <x 30cm can be placed on a removable plastic frame of which one 
edge can be rotated so as to stretch the soaked paper fastened by two slender plastic 
plates with pins. The hanging-sheet type apparatus was built according to DURRUM. 
A removable plastic frame with glass rods supports a paper sheet of 30 x 30cm. 
Intermediate feed wicks are placed between the ends of the paper and the buffer 
solution. Neither of the apparatus was equipped with any special drying rack, as 
described by DuRRUM®. The paper was removed from the apparatus after the electro- 
phoretic run, placed on a square frame of glass rod, and dried in an oven. 


Procedure for two-dimensional paper electrophoresis 


The procedure has already been outlined’. First, a design for the electrophoresis 
is drawn on a square sheet of filter paper. An example is shown in Fig. 1. On the line 
AB ¢.g., an antiserum is applied and allowed to migrate to the line A’B’. This can be 
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followed visually by spots of bromophenol blue applied on points m and n, to accom- 
pany the serum albumin’. After the first electrophoresis, a substance to be crossed 
with the antiserum is applied on the line XY, and the second electrophoresis is begun. 





























A" 
A iN 
x’ y’ 
Mo 
8” 
2 
No 
xX Y 
B B’ 


{ 


Fig. 1. An example of the design for the two-dimensional crossing paper electrophoresis. 
Explanation, see text. 





At the end of thisrun, the anticipated lines are X’Y’ for XY/and A’’B” for A’B’. By the 
two successive electrophoreses, the substances applied originally on AB and XY, cross 
each other in the region where the two parallelograms ABB” A” and'XYY’X’ overlap. 


I. “Crossing diagram’’ of egg albumin and its homologous antiserum 


Shown in Fig. 2 is a two-dimensional crossing electrophoresis of egg albumin and 
its rabbit antiserum. The antiserum was applied on the line AB and the first electro 


Lt 








Alb 


Fig. 2. An example of the two-dimensional crossing paper electrophoresis of egg albumin and its 

homologous rabbit antiserum, showing the ‘‘crossing diagram of anti-egg albumin’’. rst electro- 

phoresis in direction 1: Antiserum alone was applied on line AB; 0.06 ml/9 cm. After electro- 

phoresis for 24 h at 50 V and 5 mA, serum albumin reached A’B’. 2nd electrophoresis in direction 

2: This was carried out after the egg albumin was applied on line XY, 0.01 ml/16 cm, for 8 h at 

50 V and 5 mA. The final position of the egg albumin line is visible along X’Y’. Veronal buffer, 
PH 8.6 ionic strength 0.05. Paper: Toyo No. 52. Bromophenol blue staining. 


phoresis was carried out until the serum albumin reached the line A’B’. Then the 
solution of egg albumin was applied on the line XY and the second electrophoresis 
was started in a direction perpendicular to the first. The egg albumin encounters the 
antibody contained in the y-globulin of the antiserum and reacts to form an antigen- 
antibody complex. The complex formed may be dissolved by the excess of antigen 
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and migrate in the same direction with a slower velocity; the velocity may be de- 
termined by the ratio of antigen to antibody. Thus the line of antigenic egg albumin 
may show a depression (or peak, when seen inversely) where it crosses the line of the 
antibody. The depression corresponds to the distribution of antibody concentration, 
because the ratio of antigen to antibody on the line of egg albumin varies with the 
latter. In this way a characteristic figure can be obtained by the two-dimensional 
crossing paper electrophoresis, which may be called the ‘‘crossing diagram’’*. 

In Fig. 2 the line of egg albumin shows the “‘crossing diagram”’ of the egg al- 
bumin-—antiserum reaction. One peak corresponding to an antibody in the y-globulin 
of the antiserum can be seen. Hitherto it has not been easy to determine the distribu- 
tion of an antibody in protein components of the antiserum. Either the antiserum was 
analysed electrophoretically before and after the precipitation of antibody to confirm 


“oe sa . 1+ ace San 





Scratch Groove 


\ Filter Paper 





erocecoe 








Alb 


Fig. 3. Cleft of the peak on the “crossing Fig. 4. Diagrammatic cross-section of the 

diagram of anti-eggalbumin’’. Experimental scratch groove made on the surface of the 

conditions for rst and 2nd electrophoresis filter paper in applying material with a glass 
are the same as shown in Fig. 2. capillary tube. Explanation, see text. 


the decrease of the fraction (e.g. y-globulin) which contained it'?»8, or the antiserum 
was fractionated to determine the contents of the fractions in the antibody". As can 
be seen from the figure, the distribution of the antibody, as well as the localization in 
protein fractions, is now quite simply and obviously determined by preparing the 
“crossing diagram’”’ by two-dimensional paper electrophoresis. 


2. Disturbances of the peak on the “crossing diagram’”’ 


In Fig. 3, another example of the same egg albumin—antiserum reaction is shown, 
but here the “‘crossing diagram’”’ shows two closely adjacent peaks, or two adjacent 
apices on one peak. The two apices must theoretically correspond to two antibodies. 
In view of the inconsistency of the two cases shown in Fig. 2 and 3, some technical 
failures or artefacts were suspected. 

One of the possible disturbances which might cause the splitting of the peak 
appears to be mechanical; the surface of the paper might be damaged by the capillary 





* The “‘crossing diagram’’ issimilarin principle to the “‘Retentionsdiagramm’”’ of WIELAND", 11, 
As will be shown later, if the order of the two runs of electrophoresis is reversed, a peak on the 
“crossing diagram’”’ corresponds to the distribution of an antigen. Thus it is sometimes advanta- 
geous to distinguish the two sorts of “‘crossing diagrams’”’ by indicating the order of the two runs of 
electrophoresis, e.g. the ‘‘antibody to antigen” and ‘“‘the antigen to antibody crossing diagram”’’, 
or by indicating the nature of the peaks which appear on the diagram, namely the “‘crossing 
diagram of antibody”’ or that of “‘antigen’’. 
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glass tube used for applying the antiserum. As shown schematically in Fig. 4, the 
scratch by the capillary tube in applying material on a wet filter paper may result in 
a fine groove, affecting the uniformity of the paper thickness. As a consequence, the 
electrical field, especially when applied in the direction of the length of the groove, 
might not be uniform. Thus a line of substance applied transversely would show local 
acceleration owing to increased resistance. On this assumption, the following experi- 
ments were made. 

A filter paper was set in the apparatus and soaked (Fig. 5), and a line AB was 
scratched with the fine tip of a glass rod; on the line CD the same buffer solution as 
used for the electrophoresis was applied longitudinally by a capillary tube in the direc- 
tion of the electrical field, and a 0.3% solution of bromophenol blue was applied on 








Fig. 5. Peaks caused by the longitudinal scratch grooves, in the line of BPB applied perpendicu- 

larly to the electrical field. AB: Scratched by the fine tip of a glass rod. CD: Scratched by the 

capillary tube in applying buffer solution. MN: Pencil drawing before soaking the paper, as a 

control. XY: Original line of BPB application. 1 wl/cm of 0.3% solution. Veronal buffer, pH 8.6 

and ionic strength 0.05. Electrophoresis at 250 V and 4.5 mA for 1 h. Paper: Whatman No. 1. 

The difference of the height of peaks on the line AB and CD does not depend on the nature of the 
tips used (rod or tube) but on the degree of mechanical disturbance. 


the line XY. As a control, the longitudinal line MN was drawn with a pencil before 
the paper was set. As can be seen from Fig. 5, after the electrophoresis the line of 
bromophenol blue showed a prominent peak on the line AB and CD, while the control 
showed no modification. 

Accordingly, it is very probable that the appearance of two adjacent apices on 
a peak on the “‘crossing diagram”’ of egg albumin—anti-egg albumin reaction is due to 
the mechanical disturbance of the paper surface. Hence care was taken in subsequent 
experiments not to damage the surface. As the disturbance was especially pronounced 
when the reaction by “‘crossing”’ occurred longitudinally on the scratched line, capil- 
lary tubes (about 0.5 mm diameter) provided with fine brush hairs at the outlet were 
often used. 


3. Diphtheria toxiod and horse antiserum 


In Fig. 6 are shown electrophoretic patterns of a purified diphtheria toxoid and 
of a diphtheria antiserum. It can be seen that the purified toxoid contains a main 
fraction of high mobility similar to that of serum albumin and almost undetectable 
amounts of other fractions. The antiserum shows, as is well-known, an increased 
f-globulin, which is referred to as the T-fraction. 
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Two-dimensional electrophoresis was carried out as usual. In the experiment 
shown in Fig. 7, the antiserum was first applied on the line AB and the first electro- 





Fig. 6. Electrophoretic pattern of the purified diphtheria toxoid and of the diphtheria antiserum. 
(a) Diphtheria antiserum, 0.02 ml/4 cm. (b) Purified toxoid, 0.02 ml/4cm. Electrophoresis, at 60V 
and 5 mA for 8 h. Other conditions as in Fig. 2. 











Fig. 7. An example of two-dimensional crossing paper electrophoresis of the purified diphtheria 
toxoid and the antiserum, showing two peaks on the ‘“‘crossing diagram of antitoxins’”’ in the 
region of T-globulin. rst electrophoresis in direction 1. Antiserum alone was applied on the line AB, 
0.06 ml/8 cm. After electrophoresis for 12 h at 50 V and 5 mA, the serum albumin reached the line 
A’B’. 2nd electrophoresis in direction 2. Toxoid was applied on the line XY, 0.03 ml/16 cm. Electro- 
phoresis was carried out at 60 V and 5 mA for 8 h. The final position of the toxoid-line is indicated 
by X’Y’, which was marked on the paper by applying the toxoid especially abundantly at both 
ends on the extension of the toxoid-line (not shown in the figure). Arrows show the peaks of the 
“crossing diagram’’. Other conditions are the same as in Fig. 6. 


phoresis was carried out until the serum albumin reached the line A’B’. Then the 
toxoid was applied on the line XY and the second electrophoresis was carried out until 
its main fraction reached the line X’Y’. On the line of the main fraction of the toxoid a 
characteristic “‘crossing diagram of diphtheria antitoxin”’ was obtained*. Two partly 





* See footnote on p. 895. 
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overlapping peaks can be seen in the T-fraction zone presumably against two antigens 
in the toxoid. A halfway peak could also be seen in the zone of y-globulin in the other 
run of electrophoresis. This can be more clearly observed in Fig. 8, which is a “‘crossing 
diagram of diphtheria anti-toxin”’ obtained in another run when the relative amounts 
of antiserum and toxoid were varied. In general, at least three antibodies could be 
detected by the procedure presented and their distribution established. 

As regards the shape of the peaks on the “crossing diagram’’, the two peaks in 
the region of T-globulin are obviously different ; one is sharp and the other flat. Ideally 
the shape of the peak is symmetrical. If the peak deviates from this shape, it does not 
represent a simple complex of one antibody and one antigen, but a complex of several 
antibodies. The two peaks on the region of T-globulin are fairly symmetrical; probably 
each represents a simple complex. But the mobility of the two corresponding anti- 


Fig. 8. An example of the “‘crossing diagram of antitoxins’”’ of purified diphtheria toxoid and the 

diphtheria antiserum, showing peaks in the regions of T-globulin and y-globulin. rst electro- 

phoresis in direction 1. Antiserum alone, 0.06 ml/8 cm, was applied on AB. After 12 h of electro- 

phoresis at 50 V and 5 mA, the serum albumin reached A’B’. 2nd electrophoresis in direction 2. 

0.01 ml/11 cm of the purified toxoid was applied on the line XY. Electrophoresis was carried out 

at 60 V and 5 mA for 12 h. The line X’Y’ shows the final position of the toxoid line. Arrows indicate 
peaks of the “‘crossing diagram’’. Other conditions are the same as in Fig. 6. 


bodies appears to be slightly different, for the distances of the apices of the peaks 
from the start line are slightly different. The difference in shape of the two peaks may 
be attributed to the absolute and/or relative amounts of respective antibodies and 
antigens, for the peak becomes lower if more antigen is applied owing to the more 
rapid dissolution of precipitate. 

In Fig. 9 is shown the figure obtained by reversing the order of electrophoresis. 
The toxoid was applied and the first electrophoresis was carried out; then the anti- 
serum was applied perpendicularly to the toxoid and the second electrophoresis was 
carried out. In this case, peaks on the “‘crossing diagram’”’ obviously correspond to the 
distribution of antigens in the toxoid. (Thus “‘crossing diagram of diphtheria toxin’’.) 
As can be clearly seen, one simple peak appeared in the T-globulin. The apex of the 
peak corresponds to the most concentrated position of the main fraction of the toxoid. 
In the y-globulin appeared two very flat, but sharply defined, peaks of precipitate 
extending from near the start line of the toxoid to its main fraction, without showing 
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any clear-cut apices but falling somewhat steeply at the front of the main fraction. 
From the shape of the two peaks, it can be inferred that the two corresponding anti- 
gens are distributed in the toxoid fairly evenly, from fractions of very low concentra- 
tion and of low mobility to the main faster fraction. Therefore they are not simple 
complexes but are composed of several fractions of different mobility. The correspond- 
ing two antibodies in y-globulin of the antiserum must, therefore, contain more than 
two fractions. 

Another point to be mentioned is that the appearance and the shapes of peaks of 
antibodies in the “‘crossing diagram’’ depend on the ratio of toxoid to antiserum 
(Figs. 7 and 8). For instance, a peak is highest when the corresponding antibody and 
the antigen react in the ‘‘equivalence zone’. If more antigen, 7.e. toxoid, is added, the 
peak is lower, as the precipitate formed on the line of the peak is dissolved and carried 





y ir 


| 





Fig. 9. An example of the “‘crossing diagram of toxins”’ of the purified diphtheria toxoid and the 

antiserum. (The order of the two runs of electrophoresis was reversed from that employed in Figs. 7 

and 8). rst electrophoresis in direction 1. The purified toxoid alone, 0.06 ml/6.5 cm, was applied on 

XY. Electrophoresis at 50 V and 5 mA for 1oh. The main fraction reached X’Y’. 2nd electrophoresis 

in direction 2. 0.06 ml/16 cm of the antiserum was applied on the line AB. Electrophoresis at 60 V 

and 5 mA for 5 h. The main fraction of the toxoid migrated into the zones of protein fractions of 
the antiserum. Only the tail is visible at the lower border of the y-globulin. 


with it; the other peak would then become the highest, as the concentrations of the 
corresponding antigen and antibody become equivalent. Thus different antibodies, 
show different ““equivalence zones”’ for the same toxoid, with the result that the “‘equi- 
valence zone”’ of a diphtheria toxoid against a diphtheria antiserum obtained by the 
usual quantitative method must be a composite value. This would worsen the repro- 
ducibility of the curve of antigen precipitation, for the relative content of each anti- 
body of an antiserum would differ from one to the other. 

The two-dimensional technique is not limited to immunological reactions. An 
example of the “‘crossing diagram’’ of soybean trypsin-inhibitor has been described 
elsewhere ®. 

EXPERIMENTAL 
Material 

Egg albumin was crystallized three times by the modified method of SORENSEN}, 
dialyzed against water, made up to 1.5% with water and stored in a refrigerator. 

A male rabbit was injected intravenously with 2.5 ml/kg body weight of the egg 
albumin solution 4 times in 3 weeks. The blood was withdrawn Io days after the last 
injection. 
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The diphtheria toxoid and the antiserum were obtained from the Takeda Yakuhin 
Kogyo Co.* The antiserum was of 470 U/ml and the purified toxoid was of 2230 Ly/ml. 
The purification was carried out by the modified method of EAToN!* and PAPPEN- 


HEIMER!?’, 


Electrophoresis 

Tests were carried out with a veronal buffer of pH 8.6 and ionic strength 0.05. 
The apparatus and the procedure of the two-dimensional technique have already 
been described. Protein spots were stained with bromophenol blue. 


SUMMARY 


The principle and procedure of two-dimensional crossing paper electrophoresis 
are described. In applying the technique to the antigen-antibody reaction, electro- 
phoresis of the antiserum alone was carried out in one direction, then the antigen was 
applied on a line to encounter each fraction of the antiserum and electrophoresis was 
started in a direction at right angles to the first one. Peaks appeared on the line of 
antigen owing to the formation of complexes in the regions of antibody proteins 
contained in the antiserum, thus forming a “‘crossing diagram’’. An anomaly was 
observed in several cases of the “‘crossing diagrams’”’ of egg albumin—anti-egg albumin 
reaction ; it was ascribed to mechanical disturbances of the paper surface. A “crossing 
diagram”’ of a diphtheria toxoid obtained by initial electrophoresis of the antiserum 
showed two peaks in the region of T-globulin and one in the region of y-globulin of the 
antiserum. Reversing the order of electrophoresis (first toxoid, then antiserum) the 
“crossing diagram’”’ showed two flat asymmetrical peaks in the y-globulin zone. In 
general, the toxoid used must contain more than four antigens, of which two have their 
antibodies in T-globulin and the other two in y-globulin. It is suggested that the anti- 
bodies have different equivalence zones for the same toxoid. 
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SIMPLIFIED FLUID FILM METHOD OF ELECTROPHORESIS 


NEWTON RESSLER anp THOMAS MOY 
Department of Medicine, Wayne County General Hospital, Eloise, Mich. (U.S.A.) 


An electrophoretic method, described in 1955, utilizes as medium a thin film or 
layer of buffer, stabilized by such a low concentration of gelling agent that it does 
not gel, but remains as a fluid’. After electrophoresis, the buffer may remain un- 
disturbed if tilted a few degrees from the horizontal, but will run freely if tilted more. 
The thixotropic medium thus combines some of the characteristics of both free 
solution and zonal electrophoretic procedures. It has the advantages of relatively 
good resolution, minima! “‘trailing’’ or mechanical interference of migration, and a 
clear background for protein quantitation. 

Since this report, the reproducibility and some of the variable factors involved 
have been investigated?. A routine procedure for simultaneous electrophoretic 
separation of 18 or more sera has also been reported*. ZAK AND JARKOWSKI‘, using 
a modification of the same method, showed that separations can be obtained in less 
than 1 hour, by means of comparatively high potential gradients. 

Electrical connections between the fluid buffer film and electrode vessels have 
been made in the above reports by filter paper wicks. Eliminating the connecting 
wicks by incorporating the surface upon which the buffer is layered and the electrode 
compartments into a single vessel, would reduce most of the electrophoretic prepa- 
rations to that of filling a single tray. Possible drainage effects between the buffer 
film and electrode vessels, and wick contaminations would also be avoided. The 
construction, use, and results obtained with such an apparatus are described below. 


METHODS 
Apparatus 


The apparatus, shown in Fig. Ia, consists of a central platform continuous with 
electrode compartments at either end. It is constructed of !/,in. thick plexiglas, 
except the partitions in the electrode compartments which are !/;, in. thick. Platinum 
electrodes are on removable partitions at either end. The central platform is 4 x I2in., 
permitting a number of samples to migrate simultaneously over a 4 in. migration 
path. A similar vessel, of any convenient dimensions, can be constructed by ordering 
the plexiglas pieces, cut to size, from a plastic supply company,* and fusing them 
together with a monomer base solvent. The distance ‘‘d”’ in Fig. 1a, between electrode 
partition and running surface edge should be less than 1/, in. Too large an area of 
deep solution continuous with the film will result in excess convection. 


Procedure 


Place a sheet of transparent, rigid, bakelite vinyl, 0.05 in. thick, over the 
leveled platform, Fig. 1b. The sheets are inert, can be cut with heavy shears o1 a 


* Cadillac Plastic Company, Detroit, Mich., U.S.A. 
. References p. 904 





go2 N. RESSLER, TH. MOY VOL. 4 (1959) 


paper cutter, and can also be ordered from a plastic products distributor cut to size. 
Microscope slides could also be used. Prepare a sufficient quantity of 0.033 M veronal 
buffer, pH 8.6, to fill the tray above the vinyl sheet. Weigh enough Difco Bacto- 
Agar* to produce a 0.16% solution in the above quantity of buffer. Use a 300 to 
400 ml portion of the measured buffer solution to heat the agar to a boil in a large 





Fig. 1. a, Plexiglas apparatus; b, Vinyl sheet placed upon central running surface; c, End view 
of apparatus filled with buffer solution to a level !/,, in. above vinyl; d, Vinyl sheet weighed flat 
with 3 glass strips and sera applied to film with filter paper pieces. 


beaker, with occasional stirring, until it reaches an active froth. Then add back 
into the remainder of the buffer solution, stir, and pour the stabilized buffer into the 
tray until the vinyl sheet is covered. The thickness of the buffer film, which can be 
adjusted by pipetting, should be no more than !/,, in. thick over the vinyl, Fig. rc. 
Since the vinyl does not wet, the buffer may have to be spread with a glass or plastic 
strip. Glass strips may also be used, as shown in Fig. 1d, to weigh down the vinyl 
Sheet, in case it should tend to rise. A suitable voltage can then be applied. No more 
than 5 or 10 min should elapse between mixing the hot, dissolved agar with the 
remaining buffer and applying the voltage, since the rigidity of the solution tends 
to increase upon standing?. A number of sera can be applied by wetting each one 
with a piece of Whatman no. 3 MM filter paper, !/, x 1/,,.in., and placing in the film, 
perpendicular to the migration path with a forceps, as shown in Fig. 1d. Pre-staining 
one of the sera with bromophenol blue will help indicate when sufficient migration 
has occurred. Disconnect the current and position two 250 watt infra red heating 
lamps about 18 in. above the vinyl sheet without moving the vessel. Heat until dry. 
If part of the vinyl sheet should dry before the rest, cover with cardboard, to avoid 


* Difco Laboratories, Detroit, Mich., U.S. A. 
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overheating and warping. The buffer in the electrode compartments is pipetted down, 
the vinyl sheet is removed and placed in a saturated solution of Amido black 10 B 























aN 


Fig. 2. Stained electropherograms of 12 sera. Fig. 3. Densitometer curves of the electrophe- 
rograms of Fig. 2 (absorbancy along migration 
path). 





10 11 12 





for 15 min. The solvent, containing, per liter, 500 ml of ethanol, 100 ml of glacial 
acetic acid, and 400 ml of water is also used for rinsing ®. Rinse in 2 or 3 fresh solutions, 
just sufficiently to clear the background. Dry at room temperature, and cut into 
individual patterns for densitometric measurements. 


RESULTS 


Fig. 2 shows the stained electrophoretic patterns of sera from 12 different patients 
done for routine clinical purposes. 100 V (9.8 V/cm) were applied for 2 hours. The 
apparatus was covered to prevent evaporation. Corresponding densitometer curves, 
obtained with a Kelab densitometer®, are presented in Fig. 3. 





Fig. 4. Stained electropherograms of 3 hemoglobin solutions, 
each in triplicate. Origin is at drawn line. 


The electrophoretic separation of hemoglobins from 3 different patients, each 
done in triplicate, is shown in Fig. 4. 100 V were applied for 30 min. The cover was 
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then removed to avoid excess heating and the voltage was increased to 200 for 80 min. 
The electrophoresis was concluded at the end of this time, since the amperage was 
decreasing, indicating the film was beginning to dry. 


DISCUSSION 


Although agar is especially convenient for staining purposes, good resolution 
can also be obtained with fluid buffers stabilized by other gelling agents, such as 
starch or starch derivatives’. 

In addition to the gelling agent, the resolution depends upon the chemical 
composition, pH, and ionic strength of the buffer, and distance of migration *, While 
a greater migration distance provides better separation and resolution of adjacent 
bands, a longer period of time is required. The most suitable path length is thus a 
matter of individual requirements. Satisfactory results have been obtained when the 
temperature of the buffer ranged between 25-30°. More than 30 mA passing through 
the apparatus may raise the temperature above 30°. In this case, the temperature 
may be held down by placing an ice tray upon the cover, as necessary. The heat may 
also be permitted to escape by running the apparatus without a cover, if the electro- 
phoresis can be completed before the film dries out. Increasing the potential gradient 
above 10 V/cm may result in distortion, if the medium is not sufficiently rigid. 

Incorporation of the electrode vessels and running surface into a unit results 
in an electrophoretic method simple to perform, requiring only one tray to be filled 
with buffer solution. Since electrophoresis of 12 samples can be set up in about 
30 min with the above apparatus, it is apparent that a single technician, using 
several vessels, could do a large number of samples in 1 day. A single tray, 6 in. wide, 
in which 3 runs for a total of 18 or more samples a day can be performed, can provide 
a capacity sufficient for most purposes. 


SUMMARY 


An apparatus for a simplified fluid film method of electrophoresis is described. 
By incorporating electrode compartments and running surface into a single unit, 
the need for connecting filter paper wicks is eliminated. Electrophoretic preparations 
are thus simplified and more rapid, being reduced primarily to filling a single vessel 
with a stabilized buffer solution. Errors due to drainage effects between electrode 
vessels and fluid film, and wick contaminations are also avoided. 
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SYMPOSIUM ON WATER AND ELECTROLYTE METABOLISM 


The Netherlands Society of Clinical Chemistry (Nederlandse Vereniging voor Klinische 
Chemie) together with the Amsterdam Association for the Advancement of Natural, Medical and 
Surgical Sciences (Het Genootschap ter Bevordering der Natuur-, Genees- en Heelkunde te Am- 
sterdam) and the Netherlands Society of General Pathology (Nederlandse Algemene Ziektekundige 
Vereniging) invite you to attend a two-day “‘Symposium on Water and Electrolyte Metabolism”’ 
to be held in Amsterdam on the 8th and gth of January 1960. 


Papers will be read by: J. G. G. Borst (Amsterdam), E. J. Conway (Dublin), J. p—E GRAEFF 
(Leiden), L. A. DE VriEs (Amsterdam), ANNE T. LamBIE (Edinburgh), R. A. McCance (Cam- 
bridge), C. L. H. Mayoor (Nijmegen), A. F. MULLER (Geneva), O. Neit (London), J. T. RoBson 
(Edinburgh), A. M. van LEEUWEN (Amsterdam), P. G. A. B. WIJDEVELD (Nijmegen) and H. Wirz 
(Basle). 


Chairman: C. P. StEwart (Edinburgh). 


Application forms for this symposium can be obtained from the Secretary of the Organization 
Committee, Dr. G. Smits, Amstelkade 15411, Amsterdam, The Netherlands. 
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——,normal and denatured, biological 
behaviour. . 

——, trail in paper protein electropho- 
resis . 
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——., plasma, in experimental lathyrism . 

——, quantitative determination, column 
chromatography with automatic re- 
cording, experiences . 

—— , combined displacement and 


> 


paper chromatography . ; 
——., urinary excretion in normal adult 

men and women . : % 
Aminoaciduria, critical evaluation of 


methods used in investigation . 
Amyloidosis, electrophoretic protein and 
polysaccharide patterns in 
Anthranilic acid, determination in urine . 
Antibodies, synthesis ; 
Antigen—antibody precipitates, “detection 
of trace amounts of albumin. 
Antiplasmin effect, of plasma fractions. 
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Bence-Jones_ protein, chemistry and 
testing . . 
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Bile acids, determination by quantative 
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, in bile and duodenal contents . 652, 
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——, modern techniques for investigation 
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Bone-marrow plasmocytes, African ne- 
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parathyroidism 
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, influence of tolbutamide on “metab- 
olism, studies. 
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of serum proteins 
Cerebrospinal fluid, improved glucose- 
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Cholinesterase, serum, estimation of ac- 
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, serum in viral hepatitis during 
prednisone therapy. ‘ 
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Galactose, half-life in — condi- 
tions . . 

Gastrointestinal juices, comparative stud- 
ies of protein fractions with paper 
electrophoresis. ‘ 

B2a-Globulin, human serum, isolation and 

some properties . 

, immunoelectrophoretic properties in 

with nn Bo- 





“ieneneno- 


for 














comparison 
globulin oe te 
y-Globulin, labelled, " passage through 
human placenta . 
——, macromolecular 3 ultracentrif- 
ugal characteristics and _ carbo- 


hydrate content . Sauer 

——, role of basic fraction in flocculation 

tests . . 

, serum of African negroes, relation 

between content and number of 

bone-marrow plasmocytes. 

Glucose, improved glucose-oxidase method 
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thrombin and prothrombin . 
——,, fibrinogen and derivatives. e234 
, Studies on protein pathology, the 
immunoglobulin concept 
Immunoelectrophoresis, acid extracts of 
normal serum . , 
, analysis of human sperm plasma. 
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Lathyrism, plasma amino acids. in “experi- 
mental ——. ‘ 

Lipase, serum, determination with phenyl 
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Liver, “‘half-life’’ concept in determination 
of functional capacity ee 
Liver biopsy specimens, obtained at lapa- 
rotomy, polysaccharide analysis 
Liver diseases, pathological occurrence of 
glucose-6-phosphatase in serum 
Liver disorders, serum transaminase in 

——, relation to hepatic efficiency 
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Liver function and age ‘ 
Lipoproteins, electrophoresis, ethylene and 
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, serum, interaction “with antibiotics 
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Nickel, determination in human plasma 
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Ornithine, protective effect in ‘chronic 
CCl, intoxication i 

Paper chromatography, see chromatog- 
raphy 

Paper electrophoresis, see electrophoresis 
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Phenolic steroids, see steroids 

Phosphoglucomutase, serum —-— in viral 
hepatitis during prednisone therapy 
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double isotope-dilution technique 

——., human, isolation and partial purifi- 
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Prothrombin, immunochemical  experi- 
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tivity, improved method 
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——., determination of lipase . 
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method. ; 
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titis during prednisone therapy . 
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Urea, determination in blood and urine, 

231 improved method . 
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with serum colloids, significance for 

515 formation of 

Urine, assay of arylsulphatases A and B. 
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parison of existing methods . 
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